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Physiological effects of boron on wheat 


HELEN S. Morris 
(WITH PLATES 1-2 AND FOUR TEXT FIGURES) 


In recent years considerable work has been done in an attempt to dis- 
cover the réle which the element boron plays in plant metabolism, and 
the results of this work may be divided into three main groups. These 
consist of observations on the necessity of the element in minute quantities 
for the normal and healthful development of plants, its toxicity in higher 
concentrations, and finally a so-called stimulating effect which it exhibits 
when present in optimum concentration. 

The necessity of boron for the healthful development of plants has 
been demonstrated by a number of authors working on various species. 
Mazé (1919) stated that boron, fluorine, and iodine were necessary for 
the complete development of corn, and that the absence of boron resulted 
in more immediate and more serious injury than did the lack of either of 
the others. Warington (1923) demonstrated the necessity of boron for the 
broad bean and clover and remarked on the similarity existing between 
the réle of boron in plant life and that of vitamines in animal life. This 
similarity was not based on chemical nature, but on the fact that both 
substances were necessary for healthy development, both were needed in 
minute quantities, and both had to be supplied continuously throughout 
the life of the organism. Brenchley and Thornton (1925) showed that 
boron was necessary for the formation of nodules on the roots of Vicia 
faba. The suppression of the characteristic root tubercles in boron-defi- 
cient solutions was found to be due not to lack of infection, since the activ- 
ities of the nitrogen-fixing bacteria were not greatly curtailed in the 
absence of this element, but to the fact that the vascular strands of the 
host degenerated. As a result, the bacteria were deprived of their accus- 
tomed nutritive material, and were forced to parasitize the meristematic 
cells in the nodule, thus effectually preventing its further development. 

Brenchley and Warington (1926) found that Vicia faba, when deprived 
of boron, not only failed to develop root nodules, but also exhibited apical 
injury, and died prematurely. Concentrations of boric acid containing 0.07 
ppm. of boron or more were sufficient to produce healthy apical growth, 
but the supply had to be constantly renewed. Warington (1926) studied 
the effects of boron deficiency on the anatomical structure of Vicia faba 
and found that if boron were not supplied in quantities greater than 0.08 
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ppm., the root system became thick and stunted, the flower buds withered 
and dropped off, and the injury traveled down the plant from the apex 
toward the root. There was a breaking down of cambium and all meriste- 
matic tissue, as well as of phloem, xylem, and ground parenchyma. Som- 
mer and Lipman (1926), in a comprehensive study of mustard, flax, Castor 
bean, sunflower, and barley, supplied photographic evidence of the general 
necessity of boron for higher green plants. By removing the seed remnants 
from the young seedlings they demonstrated that boron was needed early 
in the development of the plant, but that 0.5 ppm. of boron was adequate 
for the first few weeks and in some cases for the life of the plant. Swanbeck 
(1927) and McMurtrey (1929) found that boron was essential for the 
development of tobacco. Plants deprived of it exhibited typical apical 
withering and a tendency to form new branches in the axils of the leaves. 
These abnormal branches withered almost as soon as they were formed. 
Johnston and Dore (1929) demonstrated the necessity of boron for toma- 
toes grown in culture solutions. The plants grown in boron-deficient solu- 
tions showed a characteristic apical injury as well as unhealthy root devel- 
opment and degeneration of conducting tissues. Haas (1930) reported that 
boron was essential for the growth of citrus trees, and that trees deprived 
of it developed abnormal symptoms within two years but were capable of 
recovery when traces of boron were added. Johnston and Fisher (1930), 
by placing tomato plants in boron-deficient solutions at the time of blos- 
soming, demonstrated that the element was essential for fruit setting. Only 
one-fourth as many fruits set in the boron-deficient solutions as in the 
controls, and these fruits were covered with darkened areas of dead cells. 

The toxicity of boron in higher concentrations has been frequently 
demonstrated, both by laboratory culture methods and by field experi- 
ments. Agulhon (1910) found that wheat seeds could be considerably re- 
tarded in germination if they were soaked for six hours in a solution 
containing five grams of boric acid in a liter of water (850 ppm. of boron). 
His work with various agricultural plants brought out the fact that the 
toleration range varied with individual species and with experimental con- 
ditions. Thus wheat grown in water cultures was not poisoned by solutions 
containing less than 20 ppm. of boron, whereas wheat, oats, and radishes 
grown in sand cultures showed toxic effects with concentrations as low as 
5 ppm. The greater toxicity of boron in sand cultures he believed to be due 
to surface concentration effects resulting from evaporation. There was 
greater toleration of boron in soil than in sand, a fact which he attributed 
to the possible fixation of boron by the calcium in the soil in the form of 
insoluble borates. In the soil cultures, differences in toleration were ex- 
hibited by different plants, corn being poisoned by concentrations above 
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10 ppm., radishes by concentrations above 25 ppm., and peas and vetch 
apparently capable of withstanding concentrations up to 50 ppm. 

A similar variation in toxic effects was observed by Brenchley (1927), 
who found that barley was definitely poisoned by 4 ppm. of boron and was 
sensitive to concentrations as low as 0.4 ppm., whereas peas could endure 
concentrations of from 20 to 40 ppm. Her results indicate a general toxicity 
of boron down to a concentration of 20 ppm., and in many cases lower 
concentrations. Swanbeck (1927) reported that a concentration of 68 ppm. 
of boron as boric acid was toxic to tobacco grown in nutrient solutions. The 
work of Collings (1927) on the soy bean presented additional evidence for 
the toxic effect of boron on germination of seeds and also for the greater 
toxicity of the element in sand than in soil cultures. He reported a simi- 
larity in the toxicity of potassium borate, sodium borate, and boric acid 
that indicated that the concentration of boron in the culture solution was 
the controlling factor in toxicity. Johnston and Dore (1929) in their work 
on tomatoes reported toxic symptoms with solutions containing 5.5 ppm. 
of boron. Haas (1929) found that 6 ppm. of boron was toxic to lemon and 
orange seedlings grown in Hoagland’s solution, and that concentrations 
above 50 ppm. in irrigation water were highly toxic to lemon trees grown 
in soil. An ash analysis of the affected plants showed a decrease in calcium 
content and an increase in potassium content compared with the control 
plants. He reported that ferric sulphate had an ameliorating influence on 
this boron poisoning and suggested that the effect might be of a catalytic 
nature or due to precipitation. 

A great number of field experiments have also been reported on boron 
toxicity. These experiments have largely been stimulated by the destruc- 
tion of citrus orchards by boron impurities in irrigation water (Kelley and 
Brown, 1928), and by the failure of the potato crop in 1919 as a result of a 
borax impurity in the newly exploited potash fertilizers obtained from the 
Searles Lake deposits (Blair and Brown, 1921). Blair and Brown (1921) 
found that the potato yield.is decreased to one-half by an application of 
100 pounds of borax to an acre, to one-fourth by 200 pounds, and to one- 
twentieth by 400 pounds. They also reported that an application of 5 
pounds per acre seriously retarded the growth of corn. Skinner and Allison 
(1923) found that cotton was seriously injured by an application of 20 
pounds to an acre. Skinner, Brown, and Reid (1923) reported that corn 
and beans were more susceptible to borax injury than were potatoes, and 
that an application of 10 pounds to an acre was sufficient to decrease the 
germination of bean seeds by 50 per cent. 

The symptoms of boron toxicity in general differ from those due to its 
absence, in that the signs of injury appear first at the base of the plant and 
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travel progressively upward, whereas in boron deficiency the first signs of 
injury occur at the meristematic apices. Toxicity is evidenced by the de- 
struction of chlorophyll, and also crinkling, burning, and marginal curling 
of leaves. Haas (1929) reported symptoms of toxicity in lemon to consist 
of chlorosis, marginal burning, mottling, and the formation of resinous 
spots on the ventral surfaces of the leaves, followed by their early abcis- 
sion. He stated, however, that there were no changes in the vascular 
anatomy as reported by Warington (1926) for broad beans grown in boron- 
deficient solutions. Collings (1927) reported similar symptoms for the soy 
bean, remarking that, although the injury advances progressively up the 
plant, it never appears in the young, actively dividing tissue. 

The data are less uniform in regard to stimulation effects which boron 
produces when present in optimum concentrations. Agulhon (1910) found 
that there was a marked increase in the growth of higher plants in definite 
optimum concentrations of boric acid. He described the effect as repre- 
sented by a curve, at first ascending under the influence of minute concen- 
trations, up to an optimum concentration, then descending under the 
influence of toxic concentrations to a lethal concentration at which any 
growth is impossible. He found that the optima differed with different 
plants, that for wheat lying between 2.5 and 10 ppm. of boron. No definite 
optimum could be found for vetch, all the concentrations which were non- 
toxic producing equal growth. Because of the low concentrations at which 
optimum growth occurred, Agulhon classed boron as a catalytic element. 

The curve described by Agulhon has been substantiated by the work of 
later investigators. For a number of plants, definite concentrations of boron 
have been found to produce a marked increase in growth, irrespective of 
whether or not the element has been proved to be essential. These concen- 
trations may be considerably higher than those which are sufficient to 
prevent visible symptoms of boron deficiency. Such concentrations have 
frequently been called stimulating; but whether this phenomenon is truly 
stimulation, by which we imply supra-normal metabolism, or rather simply 
a high growth rate due to an optimum concentration of a nutrient sub- 
stance, is questionable. Brenchley (1927) reported that peas exhibited opti- 
mum growth in 2 ppm. of boron, and yellow lupines in 3.5 ppm. Brenchley 
and Warington (1926) found that 0.4 ppm. of boron was stimulating to 
Vicia faba. Collings (1927) found that the dry weight of soy beans grown 
to maturity in nutrient solutions was increased by the addition of about 
2.5 ppm. of boron and that this stimulation was greater when the boron 
was applied as boric acid than when it was applied as the borate. This in- 
crease in the dry weight was always accompanied, however, by symptoms 
of toxicity in the leaves, and no such stimulation was observed when the 
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plants were grown in soil or sand, nor when plants in the seedling stage 
were used as experimental material. Swanbeck (1927) found 2 ppm. of 
boron favorable for tobacco, and McMurtrey (1929) reported 0.5 ppm. 
as optimum for the same plant. 

Several cases have been reported of plants which can apparently com- 
plete their development in the absence of boron, and which exhibit no 
stimulation effects when it is present. Agulhon (1910) was unable to find 
any favorable result when boron was added in the form of small traces of 
boric acid to cultures of yeast, Aspergillus, and Bulgarian ferment. This 
work, as well as that of Brenchley and Thornton (1925) on Bacillus radi- 
cicola, seems to indicate a lack of sensitivity on the part of lower plants 
toward the presence of boron in small quantities. Agulhon (1910) found 
that vetch was insensitive to any fluctuations in boron concentration be- 
low the toxic range, Warington (1923) reported that barley was able to 
attain optimum growth without the addition of any boron to the nutrient 
solution, and Brenchley (1927) stated that below the toxic range barley 
grew equally well in all concentrations down to 0.02 ppm. These results 
may indicate that some of the higher plants cannot be stimulated by boron, 
or they may mean that the optimum concentration for these plants is ex- 
tremely low, and may be produced by the minute traces of the element 
carried as impurities in the nutrient salts employed. 

The experiments described in this paper were undertaken with the pur- 
pose of studying various aspects of the physiological effects of boron on the 
wheat plant. The work was done in the laboratory of plant physiology of 
Columbia University under the supervision of Dr. S. F. Trelease, to whom 
the author is indebted for his interest and assistance. 


METHODS 


The experiments were of two types—the one, testing the effect of boron 
compounds in single salt solutions on the root growth of very young seed- 
lings, and the other, upon the development of wheat plants grown in nu- 
trient solutions during a period of nine weeks. In the seedling experiments 
the plants were exposed to the culture solutions for four days. Seeds of pure 
strain Marquis wheat were soaked in distilled water for three hours, 
drained, and rinsed thoroughly to remove dust and mould spores. They 
were then planted with forceps on moist filter paper in large glass culture 
dishes. Each seed was placed with the grooved side downward, and during 
this process obviously diseased or abnormal seeds were discarded. After 
about twenty-four hours, or an interval sufficient to allow the production 
of a root growth of six millimeters, uniform seedlings were selected and 
transferred to the culture solutions. 
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The solutions were prepared by dissolving a weighed amount of the re- 
quired salt and diluting to a given concentration. The values for these solu- 
tions are stated throughout the paper as gram molecules per liter, gram 
atoms per liter, or as parts per million of solution. At first the water for 
these experiments was distilled in a Barnstead still, but later it was found 
necessary to redistill through quartz condensers in order to obtain uni- 
formity of results. 

The culture vessels (Trelease and Trelease, 1926) consisted of Pyrex 
glass beakers of two sizes, the smaller of 300 cc. and the larger of 600 cc. 
capacity. Paraffined bobbinet was fastened over the tops of the smaller 
beakers with paraffined linen thread. The smaller beakers were then in- 
serted in the larger ones, and the solutions were poured into these pairs of 
beakers until both the inner and the outer were filled up to the level of the 
bobbinet. 

The seedlings were then transferred from the germinating dishes with 
forceps and placed so that their roots extended down through the bobbinet 
into the culture solution. Twenty-five seedlings were grown in each beaker, 
and duplicate cultures were used for each concentration so that data for 
the growth of fifty seedlings were provided in each experiment. With each 
series one set of controls was grown in distilled water, and two sets in a 
standard, three-salt nutrient solution containing 0.02 m calcium nitrate, 
0.02 m magnesium sulphate, and 0.02 m potassium acid phosphate. 

The beakers were covered with watch glasses and transferred to a ro- 
tating table in a dark, thermostatic chamber (Trelease, 1925), where they 
were kept at a temperature of 19° C. for four days. At the end of this time 
the seedlings were removed, measurements of the central primary root 
were made, and the mean growth increment for the set was calculated. 

Throughout the experiment care was taken not to introduce any im- 
purities into the solutions. All beakers, germinating dishes and graduates 
were washed in hot, soapy water, rinsed several times in tap water, and 
finally dipped in hot, distilled water before use. 

In the long-time experiment, the plants were grown for nine weeks in a 
standard nutrient solution to which varying concentrations of borax or 
boric acid were added. The standard solution contained 0.01 m potassium 
acid phosphate, 0.005 m magnesium sulphate, 0.005 m calcium nitrate, and 
0.00001 m ferrous sulphate. The seeds used were Marquis variety (1930, 
Saskatchewan) and they were germinated as in the previous experiments. 
At the end of twenty-four hours the seedlings were transferred to enamel- 
ware pans. These pans were arranged on the same principle as the beakers 
in the seedling experiments. A smaller one, covered with bobbinet, was 
placed inside of a larger, and the two were filled with distilled water up to 
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the level of the bobbinet cover. The seedlings were grown for four days in 
these pans and were then transferred to the culture vessels. This use of 
enamel-ware pans is not recommended unless the surface of the enamel is 
entirely free from cracks or other imperfections. It was found in several 
cases where chipping of the enamel had occurred that the underlying 
metallic substances were dissolved by the distilled water and were highly 
toxic to the roots of the seedlings. In subsequent experiments Pyrex oven- 
ware pans have been employed. 

The culture vessels consisted of glazed crocks of 7500 cc. capacity. 
These crocks were obtained from the General Ceramics Company and 
were composed of “‘chemical stone-ware.’’ Each crock was covered with a 
cement lid perforated with five holes into which were fitted corks similarly 
perforated with five small holes. The lids and the corks were both well 
coated with paraffin. The crocks were filled with the solutions and the 
seedlings slipped through the perforations and secured with cotton so that 
the shoot extended above the surface of the lid while the roots were sus- 
pended in the solution underneath. 

Thirteen different solutions were used— one to which no boron was 
added, six to which it was added in the form of boric acid, and six to which 
it was added in the form of borax. Two complete series were grown with 
duplicate solutions; but in one series the culture solutions were renewed 
every week, and in the other they were unrenewed. To the unrenewed so- 
lutions distilled water was added each week to replace the volume lost 
through evaporation and transpiration. Since the effect of the absence of 
boron was one of the points under consideration in this experiment, care 
was taken to use salts of high, tested purity, and the distilled water used 
was freshly prepared in a new, steam heated Barnstead still. 

The crocks were mounted on three rotating tables in the greenhouse 
and exposed to prolonged illumination by means of one 1000 watt Mazda 
lamp suspended over each table and turned on from about 3:30 to 10:00 
p.m. The temperature in the greenhouse was kept fairly uniform, seldom 
fluctuating above 25° C. or below 18° C. and for the most time remaining 
well within these limits. Atmometer readings were kept to measure the 
evaporation conditions prevailing during the experiment and to check the 
uniformity of these conditions for the three tables. These readings, ob- 
tained from Livingston spherical atmometers, indicated a mean evapora- 
tion rate of 19 cc. a day. As an additional precaution to insure environ- 
mental uniformity, the crocks were shifted from one table to another each 
week. At the end of nine weeks the plants were harvested and examined 
for general growth conditions. The tops of the individual plants and the 
roots of all the plants in each culture, collectively, were stored in separate 


k 
fi 
3 


8 BULLETIN OF THE TORREY CLUB [VoL. 58 


manila bags until they became air-dry. They were then dried in an oven at 
100° C. for twenty-four hours and weighed. 


RESULTS AND DISCUSSION 


At first a number of experimental series were tried in which young seed- 
lings were grown for four days in various boron solutions, and the root 
elongation was used as a criterion of general growth conditions. This meth- 
od was found by Trelease and Trelease (1925) to be a simple method of es- 
timating quantitatively the effects of certain solution conditions on plant 
growth. The general results obtained with this method showed a striking 
similarity to the data secured later by taking the dry weights of plants 
grown in nutrient solutions over a period of nine weeks. 


Effects of boron on the growth of very young seedlings 


The toxic effects of boron on wheat roots. A number of tests were made to 
determine the effect of various boron compounds, the ranges of toxic con- 
centrations, and the stimulating concentrations, if present. At first borax 
was used as a source of boron (table 1). Later, experiments were tried with 

TABLE 1 
Growth of wheat roots in solutions containing varying concentrations of borax. Growth values represent 
the actual growth increment in each of two duplicatecultures and also their average growth expressed 
as a percentage of the growth in the standard three-salt solution. The values for the average growth in 


distilled water for the series represented in this table were 67, 69, and 71 per cent of the growth in the 
standard three-salt solutions. 


GROWTH 
GRAM MOLECULES| GRAM ATOMS 

oP pomax oF sonon 1A 1B Per 1A 1B Per Ave. 
ven mm. mm. cent mm. cent Per cent 
0.000001 0.000004 66 63 77 — —_ —_ 77 
0.00001 0.00004 82 81 103 71 87 95 
0.0001 0.0004 104 106 113 99 5 | 115 114 
0.0002 0.0008 93 97 119 — —_ — 119 
0.00045 0.0018 85 101 116 — _— _ 116 
0.001 0.004 48 48 60 39 60 60 60 
0.0025 0.01 20 20 25 — — —_ 25 
0.004 0.016 9 10 13 — — — 13 
0.0063 0.0252 6 2 5 — — _ 5 
0.01 0.04 2 1 3 — _ — 3 
0.1 0.4 0 0 0 0 


boric acid (table 2) and potassium borate (table 3) in order to determine to 
what extent the effects observed in the borax series might be attributed to 
the presence of boron. The data for these three sets of experiments have 
been plotted in figure 1, in which growth is expressed in percentage of the 
root elongation occurring in the standard, three-salt solution, and the con- 
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centrations are based on a common scale—the number of gram atoms of 
boron per liter of solution. One gram atom of boron weighs 10.8 grams. 


TABLE 2 

Growth of wheat roots in solutions containing varying concentrations of boric acid. Growth values repre- ' 
sent the actual growth increment in each of two duplicate cultures and also their average growth ex- 
pressed as percentage of the growth in the three-salt control. The growth values obtained in distilled 
water for these experiments were 73, 95, 89, and 81 per cent of the growth in the three-salt solutions. 


GRAM MOLECULES OF GROWTH 
BORIC ACID OR GRAM 
ATOMS OF BORON 1A 1B Per 2A 2B Per 3A 3B Per A 7 

PER LITER mm. mm. cent mm. mm. cent mm. mm. cent || Percent 
0.00001 68 71 76* 65 75 90 —_ — — 90 
0.0001 69 73 77* 77 73 97 60 61 90 94 
0.0005 61 74 99 72 72 92> —_— — _ 96 
0.001 72 74 78* 64 68 97 74 74 95> 96 
0.01 31 31 348 28 26 39 _ _ _ 39 


* Because of abnormally high values for the nutrient control in this series, it is believed that 
the percentages for these concentrations are too low. They have, therefore, been omitted in calcu- 
lating the average. 

> Values obtained by using double the number of experimental plants—i.e., four beakers with 
twenty-five seedlings in each. 


TABLE 3 
Growth of wheat roots in solutions containing varying concentrations of potassium borate. Growth values 
represent the actual growth increment in each of two duplicate cultures and also their average growth 
expressed as a percentage of the growth in the three-salt control. The average growth in distilled water 
in this series was 87 per cent of the growth in the three-salt solution. 


GRAM MOLECULES GROWTH 
OF POTASSIUM GRAM ATOMS 
BORATE PER OF BORON 1A 1B Per 
LITER PER LITER mm. mm. cent 
0.00001 0.00004 68 65 87 
0.0001 0.0004 87 89 114 
0.0002 0.0008 96 98 126 
0.00045 0.0018 90 95 121 
0.001 0.004 60 64 80 
0.0025 0.01 11 10 14 
0.01 0.04 0 0 0 


From the tables and the curves plotted in figure 1 it is evident that the 
three compounds have a decidedly toxic effect when present in concentra- 
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tions of more than 0.005 gram atom of boron per liter. When the curves 
are thus plotted on the basis of equivalent boron concentrations, the simi- 
larity of the toxic ranges of the three substances is striking. All three 
curves at the concentration of 0.002 gram atom of boron per liter drop 
sharply and follow distinctly similar courses. A reduction of approximately 
40 per cent of growth was obtained in all three cases at a concentration 
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Fig. 1. Elongation of wheat roots in solutions of sodium borate, potassium borate, 
and boric acid. Ordinates represent percentages of elongation for the standard, three- 
salt control. Abscissas represent gram atoms of boron per liter. 


containing 0.005 gram atom of boron per liter or 54 ppm. of boron; this 
concentration was supplied by 0.005 m boric acid, 0.00125 m borax, and 
0.00125 m potassium borate. A concentration providing 0.04 gram atom of 
boron per liter (400 ppm.) completely inhibited growth in all three cases. 

To further check the similarity in the toxic activity of these com- 
pounds, a series was tried using a constant concentration of boron (0.1744 
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grams or 0.016 gram atom of boron per liter) obtained by mixing borax 
and boric acid in varying proportions. The results of this experiment 
(table 4) show that there are relatively small differences in the toxic effects, 
although the pH values range from 6.4 to 8.8. Borax appears slightly more 
toxic than boric acid, an observation indicated also by the relative posi- 
tions of the curves in figure 1. The increase in growth between pH 6.6 and 
8.0 appears to be significant. This may indicate a slight conditioning effect 
of hydrogen-ion concentration upon the degree to which boron toxicity 
may manifest itself. Or, if the boron toxicity is assumed to be constant, it 
indicates that this range of hydrogen-ion concentrations is less toxic than 
are higher and lower hydrogen-ion concentrations. 
TABLE 4 
Growth of wheat roots in solutions containing 0.1744 grams of boron per liter obtained with mixtures 


of borax and boric acid in varying proportions. The value for the distilled water cultures was 83 per 
cent of the growth in the three-salt controls. 


GROWTH 
GRAM MOLECULES OF GRAM MOLECULES OF pH 
BORAX PER BORIC ACID 1A 1B Per VALUES 
LITER PER LITER mm. =m. cent 
0.00001 0.0160 11 11 15 6.4 
0.00005 0.0158 14 15 21 6.6 
0.0001 0.0156 15 15 21 7.0 
0.0005 0.0140 17 18 25 7.7 
0.001 0.0120 16 16 22 8.0 
0.0025 0.0060 9 9 13 8.6 
0.0035 0.0020 7 7 10 8.8 


In studying the toxicity of boron, the question arose as to whether this 
was an effect such as one might expect in any single-salt solution, or wheth- 
er it was of a different nature. Osterhout (1908) demonstrated that single- 
salt solutions were toxic, and that the toxicity of such solutions in most 
cases might be overcome by the addition of another salt. Later extensive 
work on antagonism has indicated that the toxicity of many cations may 
be overcome by the addition of some other cation, and that calcium is par- 
ticularly effective in such antagonism (McCool, 1913; Osterhout, 1922). 
Agulhon (1910) reported that the concentrations of boric acid which he 
used were not so toxic in soil as in sand cultures; and he proposed, as one 
possible explanation, the fixation of boron in the soil in the form of insolu- 
ble borates of calcium. Brenchley and Warington (1926), on the other 
hand, found that enough boron could be obtained from the relatively in- 
soluble borates of cobalt and calcium to depress the growth of Vicia faba. 

This question suggested an experiment to test whether calcium is ef- 
fective in antagonizing boron toxicity. At first an attempt was made to 
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add varying concentrations of calcium nitrate to a 0.01 m solution of bor- 
ax; but it was found that, even when the calcium nitrate was diluted to a 
0.000001 m concentration, precipitation occurred. Test experiments were 
then made to find a suitable working concentration of borax that would be 
toxic, and still not cause precipitation of the calcium. A 0.004 m solution 
of borax (0.016 gram atom of boron per liter) was finally chosen, and to 
this concentration were added varying amounts of calcium nitrate. The re- 
sults of this experiment (table 5) seem to indicate an absence of any signifi- 


TABLE 5 
Growth of wheat roots in a toxic, 0.004 m concentration of borax to which varying concentrations of 
calcium nitrate have been added. 


GRAM MOLECULES GROWTH 

OF CALCIUM 

NITRATE PER 1A 1B Per 2A 2B Per 
LITER mm. mm. cent mm. mm. cent 

0.000001 11 10 17 7 7 10 

0.00001 11 11 17 10 10 14 

0.0001 10 12 17 9 9 12 

0.001 8 6 11 7 7 10 

0.01 3 3 5 4 3 6 

0.1 0 0 0 1 1 1 


Growth of wheat roots in a toxic, 0.0196 m concentration of boric acid to which varying concentrations 
of calcium nitrate have been added. 


GRAM MOLECULES GROWTH 

OF CALCIUM 

NITRATE PER 1A 1B Per 
LITER mm. mm. cent 

0.000001 7 9 10 

0.00001 7 9 10 

0.0001 9 10 12 

0.001 9 13 13 

0.01 11 13 14 

0.1 5 6 7 


cant degree of antagonism existing between calcium and boron, and an 
additive toxic effect with the higher concentrations of calcium. Similar 
results were obtained (table 5) when calcium nitrate was added, in varying 
amounts, to a 0.0196 m solution of boric acid (0.0196 gram atom of boron 
per liter). It is apparent from these data that borax and boric acid are de- 
finitely toxic in concentrations that are too low to cause precipitation of 
calcium, and that there is no antagonism between calcium and either of 
these substances. 

A similar experiment on possible antagonistic effects was suggested by 
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the report by Haas (1929) that iron, added to a culture solution containing 
7.5 ppm. of boron, materially decreased the toxic action of boron on citrus 
seedlings. Culture solutions were prepared which contained 0.0025 m po- 
tassium borate (0.01 gram atom of boron per liter) with the addition of 
varying concentrations of ferrous sulphate. When concentrations of more 
than 0.001 m ferrous sulphate were added to the boron solution, a dark 
green precipitate was formed, and in the 0.001 m solution an orange pre- 
cipitate was produced. From table 6 it can be seen that the only case in 
which there is an increase of growth over that of the culture supplied with 
boron alone is in the 0.001 m solution of ferrous sulphate—the highest con- 
centration used and the only one in which precipitation occurred. In this 
instance the decrease in toxicity of the solution is apparently due to the 
removal of a certain proportion of the borate ions by precipitation. Mellor 
TABLE 6 
Growth of wheat roots in a 0.0025 m solution of potassium borate to which were added varying con- 


centrations of ferrous sulphate. The growth in distilled water was 68 per cent of the growth in the 
three-salt control. 


GRAM MOLECULES Gove 
OF FERROUS 
SULPHATE PER 1A 1B Per 
LITER mm. mm. cent 
0.000000 20 17 21 
0.000001 20 17 21 
0.00001 13 13 15 
0.0001 16 19 20° 
0.001 32 26 34* 


* Concentrations of ferrous sulphate higher than 0.001 m caused the formation of a blue- 
green precipitate and so were not used. In the 0.001 m concentration an orange precipitate formed 
and the 0.0001 m solution was tinged with yellow. 


(1924) has recorded the formation of ferrous borate in this way by double 
decomposition with borax and a ferrous salt solution. There is no evidence 
of any true antagonism existing between iron and boron. 

From these experiments it would seem that the toxicity of boric acid 
and the borates is a special effect characteristic of the boron compounds. 
It depends directly upon the concentration of boron, irrespective of any 
balance existing between boron and other substances in the nutrient me- 
dium. This casts an interesting light on the conception of boron toxicity. 

It is to be expected that boron in single-salt solutions should be toxic, 
but the curious fact is that it is less toxic under such conditions than are 
most of the so-called “nutrient”’ elements. Figures collected from papers 
published by Trelease and Trelease (1926), Barton and Trelease (1927), 
and Eisenmenger (1928) indicate that, in single-salt solutions, manganese 
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chloride, magnesium nitrate, calcium nitrate, and potassium acid phos- 
phate are more toxic than any of the boron compounds used in the experi- 
ments described above. A 0.006 m solution of magnesium nitrate permitted 
8 per cent as much growth as the control solution, a 0.005 m solution of 
manganese chloride permitted 2 per cent, and a 0.006 m solution of calcium 
nitrate permitted 31 per cent, whereas an equivalent concentration of 
boron in any of its various compounds permits 60 per cent as much growth 
as the control. Trelease and Trelease (1926) obtained a growth of 77 per 
cent in a 0.006 m solution of potassium nitrate, while Eisenmenger (1928) 
found a growth of only 37 per cent of the control in the same concentration 
of potassium acid phosphate, indicating that the toxicity of these metallic 
salts in simple solutions is conditioned by the anion constituent of the salt. 
A comparison of boron with these other nutrient elements may be safely 
made on the basis of these figures because the methods employed in the 
boron experiments were the same as those used by these previous workers, 
and the experimental material was wheat in each case. 

All of these authors found that the toxicity of these salts is greatly re- 
duced when other salts are added, and have thus demonstrated antago- 
nism between various pairs of ions. No such relationships are observable in 
the results obtained with boron. The toxicity remains practically constant, 
irrespective of the form of the boron compound; no antagonism exists be- 
tween calcium or iron and boron, and as will be shown later in the long- 
time experiments, the toxicity in a balanced nutrient solution is practically 
the same as that in a single-salt solution. 

Optimum boron concentrations for root growth of seedlings. From tables 
1, 2, and 3, and figure 1, it is apparent that there is an optimum range of 
boron concentrations below which there is a gradual decrease in growth 
with decreasing concentration, and above which any increase in concentra- 
tion causes a decided drop in the growth rate as toxicity becomes an im- 
portant factor. This range includes concentrations of boron between 
0.0002 and 0.002 gram atom of boron per liter or between 2 and 20 ppm., 
and is the same for all three boron compounds. 

The amount of growth produced in this optimum range of boron con- 
centrations, however, is decidedly different with the boric acid and the two 
alkaline borates. The growth in the optimum boric acid concentrations, 
although it exceeds that in distilled water, does not surpass the growth in 
the three-salt, standard solution. In the optimum concentrations of the al- 
kaline borates, on the other hand, the growth values indicate marked stim- 
ulation. A study of the hydrogen-ion concentration in these optimum 
ranges indicates that the best growth in the alkaline borates occurs at 
about pH 8.5, whereas the optimum growth in the boric acid cultures oc- 
curs at pH 6.8. 


i 
i 


1931] MORRIS: PHYSIOLOGICAL EFFECTS OF BORON ON WHEAT 15 


A question here presented itself as to whether the borate ion is stimu- 
lating in itself, under the conditions of these experiments, or whether the 
increase in growth, found here only in the cultures containing the alkaline . 
borates, might not be due simply to the alkalinity of the medium. In order 


TABLE 7 


Growth of wheat roots in solutions of sodium carbonate, sodium bicarbonate, and sodium chloride. 
The distilled water values for the three series were respectively 88, 87, and 90 per cent of the growth 
in the three-salt control. 


GROWTH 
GRAM MOLECULES OF pH 
SODIUM CARBONATE 1A 1B Per VALUES 
PER LITER mm. mm. cent 
0.000005 61 70 88 7.0 
0.00005 76 79 104 7.2 
0.00007 81 80 108 7.6 
0.00014 86 83 113 8.8 
0.00019 90 84 116 8.8 
0.0005 94 94 125 8.8 
0.005 1 1 1 8.8 
GROWTH 
GRAM MOLECULES OF pH 
SODIUM BICARBONATE 1A 1B Per VALUES 
PER LITER mm. mm. cent 
0.0001 70 68 108 6.6 
0.0005 89 114 7.8 
0.001 83 87 113 7.6 
0.002 65 67 103 7.8 
0.005 61 59 94 8.2 
0.01 30 20 39 8.4 
0.1 0 0 0 8.4 
{GROWTH 
GRAM MOLECULES OF pH 
SODIUM CHLORIDE 1A 1B Per VALUES 
PER LITER mm. mm. cent 
0.00001 75 78 96 6.6 
0.0001 75 80 97 6.6 
0.001 73 80 96 6.6 
0.005 70 70 88 6.6 
0.01 57 57 71 6.6 
0.05 2 3 4 6.6 
0.1 0 0 0 6.6 


to test the effect of other alkaline salts on the growth of wheat, two experi- 
ments were made with solutions of sodium carbonate and sodium bicar- 
bonate, and a third with sodium chloride, for purposes of comparison. 
The results are shown in table 7. In figure 2 the growth values for these 
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three sets of cultures are plotted with the values for sodium borate, using, 
as a common basis, the sodium concentration of the four compounds. The 
graph and table bring out very clearly the differences in the stimulating 
power of these four sodium salts. With sodium borate there is marked 
stimulation at pH 8.6; with sodium carbonate, at pH 8.8; with sodium bi- 
carbonate, a slightly lower stimulation between pH 7.1 and 7.8. In the case 
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Fig. 2. Elongation of wheat roots in solutions of sodium borate, sodium carbonate, 
sodium bicarbonate, and sodium chloride. Ordinates represent percentages of elonga- 
tion for the standard, three-salt control. Abscissas represent gram atoms of sodium per 
liter. 


of the neutral sodium chloride, where the pH value for all the concentra- 
tions is 6.6, there is no evidence of stimulation apparent. This difference 
between the effects of the alkaline and neutral sodium salts on the growth 
of wheat roots is suggestive of the difference between the results obtained 
with the alkaline borates and those obtained with boric acid—solutions of 
the latter having about the same pH value as solutions of sodium chloride. 
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Effects of boron on wheat plants grown for nine weeks in nutrient solutions 


The difficulty in the interpretation of the stimulation in the experi- 
ments dealing with the earliest phases of seedling development lies in the 
fact that the plants are still dependent on inorganic nutrients as well as 
organic food stored in the seed. Inasmuch as a three-salt solution in itself 
might be considered stimulating under these circumstances, it is difficult 
to know whether the distilled water cultures or the three-salt solutions 
should be considered as the controls on which to base stimulation results. 
For this reason plans were made for growing wheat plants in boron cul- 
tures over a longer period of time in order to determine possible stimulating 
effects of the boron compounds with a greater degree of precision. 

In this experiment wheat plants were grown in a standard nutrient so- 
lution, to which boron, in the form either of borax or boric acid, was added. 


TABLE 8 
Dry weights of the tops of wheat plants grown for nine weeks in renewed and unrenewed solutions 
containing varying quantities of boron, supplied either as boric acid or borax.* 


RENEWED SOLUTIONS UNRENEWED SOLUTIONS 
OF BORIC ACID OF BORIC ACID 
wo. | | | —— 
mgm. pa, mgm. 
1 None 0.0 4.6 282+ 8 5.2 224+5 5.8 
0.000010 0.1 4.6 240+ 9 4.8 2104+5 5.8 
3 0.000032 0.3 4.6 288 +11 4.8 216+6 5.8 
4 0.000100 1.0 4.6 212+ 6 4.8 198+6 5.6 
5 0.000316 3.4 4.6 206+ 7 4.8 219+7 5.8 
6 0.001000 10.8 4.6 205+ 5 4.8 215+6 5.7 
7 0.003160 34.0 4.6 150+ 4 4.8 196+7 5.3 
RENEWED SOLUTIONS UNRENEWED SOLUTIONS 
OF BORAX OF BORAX 
pH Weight Weight 
BORON 

mgm. mgm. pi, 
8 0.000010 0.1 4.6 302+ 6 5.2 197+5 5.8 
9 0.000032 0.3 4.6 354+ 9 5.2 198+5 5.8 
10 0.000100 1.0 4.8 437+12 $3.3 185+4 5.8 
11 0.000316 3.4 4.9 473+15 5.3 173+3 5.8 
12 0.001000 10.8 5.4 508+18 5.5 151+5 5.8 
13 0.003160 34.0 5.9 407+ 9 5.7 82+3 5.8 


® Weight values represent an average obtained from the weights of twenty-five plants; they 
are followed by their probable errors. 

The value pH; represents the initial pH of the solution. 

The value pHy in the case of the renewed solutions refers to the pH at the end of one week 
and in the unrenewed solutions to the value at the end of nine weeks. 


i 


18 BULLETIN OF THE TORREY CLUB [voL. 58 


The boron concentrations were selected to include the optimum range pre- 
viously demonstrated in the seedling experiments. One set of plants was 
grown in a boron-deficient medium in order to study the effect of a lack of 
boron on wheat, six cultures were supplied with boric acid, and six with 
borax. The boric acid and the borax solutions were made up so that cor- 
responding cultures contained equal concentrations of boron. This series 
furnished experimental material for studying the effect of boron deficiency, 
TABLE 9 


Dry weights of the roots of wheat plants grown for nine weeks in renewed and unrenewed nutrient 
solutions containing varying quantities of boron supplied either as boric acid or borax.* 


RENEWED SOLUTIONS UNRENEWED SOLUTIONS 
er OF BORIC ACID OF BORIC ACID 

No. BORON PER LITER pHi Weleht 
pH: pH: 
1 None 0.0 4.6 21 on 25 5.8 
2 0.000010 0.1 4.6 19 4.8 29 5.8 
3 0.000032 0.3 4.6 28 4.8 26 5.8 
4 0.000100 1.0 4.6 19 4.8 23 5.6 
5 0.000316 3.4 4.6 16 4.8 25 5.8 
6 0.001000 10.8 4.6 18 4.8 22 + 
7 0.003160 34.0 4.6 13 4.8 15 o.9 
RENEWED SOLUTIONS UNRENEWED SOLUTIONS 

OF BORAX OF BORAX 
on, GRAM ATOMS OF PPM. OF pH 

BORON PER LITER BORON Weight pHs Weight pHs 

mgm. mgm. 
8 0.000010 0.1 4.6 32 $.2 24 5.8 
9 0.000032 0.3 4.6 34 5.2 30 5.8 
10 0.000100 1.0 4.8 46 5.2 35 5.8 
11 0.000316 3.4 4.9 59 $.3 42 5.8 
12 0.001000 10.8 5.4 50 3.5 38 5.8 
13 0.003160 34.0 5.9 36 oe 8 5.8 


* The values represent one twenty-fifth of the total weight of the roots of twenty-five plants. 

The value pH; refers to the initial pH of the solution. 

The value pH: refers to the pH at the end of one week in the case of the renewed solutions, 
and nine weeks in the case of the unrenewed. 


and the comparative stimulation effects of boric acid and borax. It also 
allowed a study to be made of the concentrations at which boric acid and 
borax began to be definitely toxic. By duplication of cultures, an additional 
series was prepared for the purpose of studying the effects of boron concen- 
trations in unrenewed solutions as compared with the effects of the same 
concentrations in the primary series in which the solutions were renewed 
weekly, providing a supply of 7500 cc. of nutrient medium for 25 plants 
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every seven days. This experiment furnishes growth data for 650 plants 
grown in twenty-six different nutrient environments. The dry weights ob- 
tained from this series are listed in tables 8 and 9, and plotted in figures 3 
and 4. The photographs of plates 1 and 2 show the condition of the plants 
one week before the termination of the experiment, and the final appear- 
ance of the plants is described in table 10. 
TABLE 10 
Condition of plants grown in various boron solutions, with respect to flower formation and tillering at 
the time of harvesting.* 
BORIC ACID CULTURES 


RENEWED SOLUTIONS UNRENEWED SOLUTIONS 
PPM. OF 
BORON Flowers Buds Tillers Flowers Buds Tillers 
0.0 1 12 33 0 12 0 
0.1 0 8 22 0 15 0 
0.3 1 21 39 0 6 0 
1.0 0 15 19 0 1 0 
3.4 0 15 21 0 5 0 
10.8 0 18 17 0 5 0 
34.0 0 5 5 0 2 7 
BORAX CULTURES 
RENEWED SOLUTIONS UNRENEWED SOLUUTIONS 
PPM. OF 
BORON Flowers Buds Tillers Flowers Buds Tillers 
0.0 1 12 33 0 12 0 
0.1 1 20 32 0 0 0 
0.3 1 23 40 0 5 0 
1.0 9 16 37 0 0 0 
3.4 10 14 34 0 0 0 
10.8 14 10 23 0 0 0 
34.0 0 19 11 0 0 1 


* The term “flowers” in the above table refers to spikes completely emerged from the sheath, 
and the term “buds,” to spikes formed and swollen, but still enclosed within the sheath. 


Comparison of growth in renewed and unrenewed boron cultures. This 
study of the effect of renewal of solutions on the manifestation of boron ef- 
fects is of particular significance. In the literature on boron, with the excep- 
tion of the work by Warington (1923) and Collings (1927), no mention is 
made of the periodic and complete renewal of culture media. Sommer and 
Lipman (1926) and Johnston and Dore (1929) merely mention the renewal 
of the iron supply. McMurtrey (1929), in his work on the necessity of boron 
for tobacco, states that he did not renew his solutions “‘ because frequent 
renewals tend to delay the manifestation of boron-deficiency symptoms.” 
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The results of the experiment with renewed and unrenewed solutions bring 
out very clearly the discrepancies between data obtained by these two 
methods and the great desirability of renewing solutions in any attempt 
to discover the reactions of plants to known sets of solution conditions. 
As early as the end of the first month there were marked differences in 
the condition of the plants in the two series, consisting chiefly of the rather 
pronounced chlorosis of the plants in the unrenewed series. This chlorosis 
was particularly advanced in the plants in those cultures supplied with un- 
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Fig. 3. Growth of tops of wheat plants grown in solutions containing borax and 
boric acid. Ordinates represent dry weights in milligrams. Abscissas represent gram 
atoms of boron per liter. Solid lines indicate renewed series and broken lines unrenewed 
series. 


renewed solutions containing high concentrations of borax, and the dif- 
ference between these cultures and their duplicates in the renewed series 
was particularly marked. It is possible that the chlorosis occurring in the 
unrenewed solutions was due in some part to iron deficiency, and that the 
greater depression of growth and increased chlorosis occurring in the high- 
borax cultures were caused by the further decrease in the availability of 
the iron due to reduced acidity. However, it is just as possible that these 
plants were equally affected by the lack of other nutrients, particularly in 
the highest borax concentration, where a visible, crystalline precipitate 
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lining the jar and encrusting the roots indicated that some nutrient ma- 
terial had been made unavailable to the plants. Premature tillering was ob- 
served at the end of the sixth week in both of the boron-deficient cultures, 
none occurring in any of the boron cultures until some time later. Even in 
this respect, however, a difference was observable between the renewed 
and unrenewed cultures, for in the unrenewed set every plant exhibited 
early tillering, whereas such tillers were present on only about one-half of 
the plants in the corresponding renewed solution. Moreover, in the case of 
the unrenewed set, these premature tillers died shortly after their forma- 
tion, while those in the renewed culture grew normally. 

Similarly an examination of the two sets of curves in figures 3 and 4 
reveals the incompatibility of data obtained by these two methods. In the 


Fig. 4. Growth of roots of wheat plants grown in solutions containing borax and 
boric acid. Ordinates represent dry weights in milligrams. Abscissas represent gram 
atoms of boron per liter. Solid lines indicate renewed series and broken lines unrenewed 
series. 


top growth, for instance, the curves indicate that borax produces greater 
dry weights than boric acid in the renewed cultures, whereas the reverse is 
true in the unrenewed solutions. This may be due to the fact that iron and 
other nutrients are less available in the borax cultures because of their 
lower acidity. Another striking difference is seen in the fact that those 
borax cultures which are most stimulating in the renewed series (3.4-34 
ppm. of boron) exhibit the greatest toxicity in the unrenewed series. 

The plants grown in the highest concentration of boric acid are also 
distinctly different in the two series. In both series, renewed and unre- 
newed, the dry weights of the plants indicate a decrease in growth as the 
margin of toxicity is approached. But in the renewed series this decrease 
in weight of the plants in the highest concentration of boric acid is shown 
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by the photographs of plate 1 to be accompanied by visible chlorosis and 
depression in growth, whereas in the unrenewed solutions the correspond- 
ing culture looks the best of the boric acid series. A similar discrepancy be- 
tween the fresh weight or appearance of the plant and the dry weight has 
been described by Agulhon (1910) as characteristic of plants supplied with 
boric acid in amounts exceeding the optimum, and attributed to ‘“‘over- 
mineralization.” The photographs of the series (plates 1 and 2) emphasize 
the difference in the results obtained by renewed and unrenewed solutions, 
and the description of the condition of the plants when harvested (table 
10) yields further confirmation from the aspects of vegetative development 
and maturity. In no case had a flower spike completely formed and e- 
merged from the sheath in any of the unrenewed solutions. In the renewed 
solutions there was one case in the boron-deficient control, one case in the 
boric acid cultures and thirty-six cases in the borax solutions. If spikes 
still enclosed in the surrounding sheath be included in the estimation of 
flowering, the unrenewed cultures showed fifty-one cases compared with 
two hundred and thirty-three cases in the renewed series. The total num- 
ber of normal tillers in the unrenewed series was eight, compared with three 
hundred and thirty-three in the renewed series. 

Growth in the boron-deficient controls. In these control cultures great care 
was taken not to introduce boron into the solutions through any chance 
contamination. The water used was always freshly distilled before the cul- 
tures were made up, and the salts used were of the highest grade obtainable 
commercially. Johnston (1928) discussed the problem of the introduction 
of boron into nutrient solutions from glazed earthen-ware jars and Pyrex 
glassware. New glazed jars afforded enough boron to supply the needs of 
tomatoes, but after the jars had been used several times, the amount of 
boron that was leached out by the solution was insufficient to prevent the 
appearance of boron-deficiency symptoms. The jars used in the present ex- 
periment were well seasoned, having been previously used in culture ex- 
periments. There is, of course, the possibility of contamination through the 
use of Pyrex bottles in which the stock salt solutions were stored; but Som- 
mer (1927) states that Pyrex, although a boro-silicate, does not yield suf- 
ficient boron for the normal growth of at least some plants. 

The plants grown in the boron-deficient solutions exhibited none of the 
serious symptoms described in the literature by Sommer and Lipman 
(1926), Swanbeck (1927), McMurtrey (1929), Johnston and Dore (1929), 
and Johnston and Fisher (1930). One significant observation was that of 
premature tillering in the plants of the two boron-deficient cultures, and 
no others. Abnormal branching has been described as a boron-deficiency 
symptom by Sommer (1927), McMurtrey (1929), and Johnston and Dore 
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(1929), and is believed to be a response tu a disturbance in the apical dom- 
inance of the plant due to typical degeneration of the apical meristem. In 
the renewed series the dry weights of roots and tops are lower in the boron- 
deficient control than in any of the borax cultures. On the other hand, they 
exceed the dry weights obtained in all the boric acid cultures with the ex- 
ception of the solution containing 0.3 ppm. of boron. Similar relationships 
with regard to the formation of flowers are brought out by table 10. In the 
renewed series, about one-half of the plants in the boron-deficient solution 
are shown to have formed spikes. This proportion is exceeded by the cul- 
tures in the optimum range of boric acid concentrations (0.3-10.8 ppm.); 
but curiously enough this proportion is greater than that found for the 
first boric acid concentration—0.1 ppm. of boron as boric acid. The pro- 
portion of flowering in the boron-deficient culture is exceeded by all of the 
borax cultures; thus borax had as marked an effect on flower production as 
on dry yields. 

It is apparent from the data of this experiment that the wheat plants 
were capable of developing for at least nine weeks, up to the flowering 
stage, in solutions to which no boron was added. If it is assumed, as seems 
justified from the work of Sommer and Lipman (1926) on a similar grain, 
barley, that minute quantities of boron are indispensable for the growth of 
wheat, it is evident that these traces of boron must have been present as 
impurities in the salts or that they were provided by solution of the culture 
vessels. The fact that the amounts of boron required by cereal grains is ex- 
ceedingly small in comparison with those required by the Leguminosae is 
indicated by Warington (1923), Brenchley and Warington (1927), and 
Brenchley (1927), who found that wheat, barley, and rye came to full ma- 
turity in solutions supposedly free of boron. At least, these solutions did 
not contain enough boron to allow the full development of broad beans, 
scarlet runner, alfalfa, and crimson, white, and lesser clover. 

Growth in boric acid cultures. Since this long-time experiment was under- 
taken with the primary purpose in view of determining whether there are 
differences in the effects of boric acid and borax on the growth of wheat 
plants, it is of interest to compare the results obtained with these two com- 
pounds, using the renewed solutions as a basis of study. An examination 
of figure 3 and table 8 indicates that when boric acid was added to the cul- 
ture solutions here employed, it induced no significant stimulation of top 
growth, as indicated by dry weights. In one concentration (0.3 ppm. of 
boron), the top weights are very slightly higher than those of the control 
plants grown in the boron-deficient solution, but this difference does not 
exceed the range of possible error and so may not be significant. In every 
other boric acid concentration tested, the dry weights of the tops are lower 
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than those in the control culture. This failure to secure definite indications 
of stimulation above the control with boric acid solutions is interesting, in 
view of the fact that the control, according to the results of Sommer and 
Lipman (1926) with barley, should be considered subnormal because it is 
deprived of an element essential to growth. The superiority of the growth 
in the 0.3 ppm. solution is further suggested by the appearance of the 
plants, as shown in the photographs of plate 1 and by the figures and 
curves for the dry weights of roots (table 9 and figure 4). The figures for 
the dry weights of the roots are somewhat unsatisfactory, since the entire 
root mass of twenty-five plants was weighed as a single unit and the range 
of experimental error is unknown, and also because an error was introduced 
in the higher concentrations by the fact that crystals had precipitated upon 
the surface of the roots and could not be completely removed. However, 
the figures probably do suffice to show the general trend of growth. 

In this experiment, as in those conducted with very young seedlings, 
there is considerable doubt as to whether evidence was obtained of a stimu- 
lating action of boric acid, under the conditions of these tests. Perhaps the 
one sign of any significant stimulation is found in table 10, which shows, in 
the case of the 0.3 ppm. solution alone, an increase in the number of flowers 
formed and a slight increase in the number of tillers. The curve for the 
boric acid cultures, with the one exception of the point representing the 
0.3 ppm. yield, shows a gradual downward trend from the control, as the 
concentration of boric acid is increased. The highest boric acid concentra- 
tion (34 ppm. of boron) exerted a definitely toxic effect, as shown by the 
drops in the curves for root and top growth, and by the photograph of this 
culture (number 7) in plate 1. This result is in keeping with data obtained 
in the young seedling experiments which indicate that a solution contain- 
ing 34 ppm. of boron is within the toxic range. 

Growth in borax cultures. The curves for the growth in the renewed solu- 
tions of borax and the photographs of the plants grown in these cultures 
(plate 2) leave little doubt as to the stimulation resulting from the addi- 
tion of borax in concentrations varying from 1 to 34 parts per million of 
boron to the basic solution employed in this experiment. A study of the 
curves in figures 3 and 4 shows that there is an increase in dry weight with 
increasing concentrations of borax up to an optimum concentration sup- 
plying 10.8 ppm. of boron. In this solution the top growth, as evidenced by 
dry weight, is almost twice as great as that in the control, and the root 
growth almost three times as great. Above this point an increase in the 
concentration of boron is accompanied by a decrease in dry yield, as the 
optimum is passed and the range of toxicity is entered. The highest borax 
concentration used, providing 34 ppm. of boron, although it is definitely 
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above the optimum for growth, nevertheless permits the development of 
healthy, green tops, as well as greater dry weight and a higher proportion 
of flowering than the control. In the renewed borax cultures (table 10) it 
was found that there is an increase in the number of completely opened 
spikes which is correlated with increasing borax concentration until the 
10.8 ppm. concentration is passed. This luxuriant growth in the high borax 
cultures is surprising in that the concentrations used exceed those com- 
monly thought of as optimal or even safe. 

Even more surprising, perhaps, than the relatively low toxicity of borax 
is the difference between the results obtained in the borax cultures and 
those obtained in the corresponding boric acid cultures containing equi- 
valent gram-atomic concentrations of boron. This difference closely paral- 
lels the results based on the root elongation of very young seedlings studied 
in the previous experiments, but it is surprising nevertheless. In the first 
place, the optimum concentrations of boric acid and borax are entirely 
different. In the boric acid curve, with the exception of the point for the 
0.3 ppm. concentration, there is a general downward trend. In the borax 
curve, there is a pronounced rise toward the optimum concentration of 
10.8 ppm., with depression in the higher concentration. In none of the re- 
newed boric acid cultures, with the exception of the apparently optimum 
concentration, does the growth equal or exceed that of the control, whereas 
in the borax cultures every tested concentration, including the one which 
supplies only 0.1 ppm. of boron, produces better growth than that in the 
control solution. Agulhon (1910) reported that boric acid solutions con- 
taining 2.5 to 10 ppm. of boron were stimulating to wheat grown in sterile 
cultures, but that higher concentrations decreased growth, the concentra- 
tion of 20 ppm. being definitely toxic. These figures do not agree with the 
data for boric acid found in the present study. Stimulation here occurs at 
0.3 ppm., if at all, and all concentrations above this result in a depression 
of growth. Agulhon’s figures do, however, bear some resemblance to the re- 
sults here obtained with the borax cultures. 

The results of the long-time experiment bear out the preliminary find- 
ings in the seedling experiments, indicating that there is a marked differ- 
ence between the stimulating effects of the alkaline and acid borates on the 
growth of wheat. Unlike boron toxicity, which for a given plant is a fairly 
constant function of the boron concentration and is not greatly altered by 
the nutrient balance or the reaction of the solution, the stimulation effects 
observed in these experiments with wheat seem to be conditioned by the 
hydrogen-ion concentration of the medium. It seems reasonable to dis- 
card the possibility that the sodium ion in itself is responsible for the 
stimulation found in the borax cultures, because in the experiments with 
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young seedlings it was found that the neutral sodium chloride failed to 
produce the stimulation which was produced by the alkaline sodium salts, 
the borate, carbonate, and bicarbonate. Duggar (1920) reported that nu- 
trient solutions with higher pH values than those commonly obtained with 
high concentrations of the acid phosphates were favorable to wheat plants, 
particularly when grown under conditions inducing high transpiration 
rates. An examination of the pH values for the solutions (table 8) used in 
the long-time experiment shows that the boric acid and boron-deficient 
solutions all had an initial pH value of 4.6, and that the borax solutions 
ranged from 4.6 to 5.9. By the time for solution renewal at the end of the 
first week, the boron-deficient solutions had shifted to 5.2, all of the boric 
acid cultures to 4.8, and the borax solutions to values varying from 5.2 to 
5.7. These differences in pH values are apparently correlated with the su- 
periority in growth of the borax and boron-deficient cultures over the ma- 
jority of the boric acid cultures. 

Two possibilities are suggested by these results. The differences be- 
tween the results in the boric acid and borax cultures may indicate that 
the hydrogen-ion concentration serves as a sort of limiting factor for boron 
stimulation in wheat, or that the alkalinity of the borax in itself may be 
the causal factor in this stimulation. If the latter supposition is true, it ap- 
pears that a frequently renewed culture solution having a pH value of 5.5 
is far superior for the growth of wheat to a similar solution having a pH 
value of 4.8. 

TABLE 11 


The growth of wheat roots in nutrient solutions, the pH values of which were varied by using different 
proportions of monobasic and dibasic potassium phos phate.* 


GROWTH 
KH,PO,, cc. K:HPO,, cc. pH 
1100 ce. 1100 cc. 1A 1B Ave. 
mm. mm. mm. 
44.0 0.0 4.4 90 84 87 
41.8 2.2 5.0 95 97 96 
39.6 4.4 5.4 95 95 95 
35.2 8.8 5.8 89 92 91 
31.8 13.2 6. 85 83 84 


* Each solution contained 0.02 m calcium nitrate, 0.02 m magnesium sulphate, and 0.02 m 
potassium phosphate. 

The distilled water values were 77 and 82 mm., the average being 80 mm. 

» Slight precipitation of calcium or magnesium occurred in this solution. 


Some indication that the remarkable difference between the boric acid 
and borax series is primarily due to the difference in the hydrogen-ion con- 
centration may be obtained from a subsequent test that was made with 
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very young wheat seedlings. Nutrient solutions were used which contained 
0.02 m calcium nitrate and 0.02 m magnesium sulphate, and varying pro- 
portions of 0.02 m acid potassium phosphate and 0.02 m dibasic potassium 
phosphate. This series afforded a pH range from 4.4 to 6.0, and the results 
(table 11) indicate a slight increase in growth in the cultures with pH val- 
ues between 5.0 and 5.8. The results for this experiment add further weight 
to the supposition that lower hydrogen-ion concentration in itself may be 
the important factor. Further work would be necessary, however, using 
solutions in which the boron factor is kept constant, and at a minimum, 
and the hydrogen-ion concentration varied, in order to prove definitely 
that the alkalinity of these borax solutions is the sole factor responsible 
for the remarkable stimulating effect they exert on wheat. 


SUMMARY 


The following conclusions are derived from observations made on the 
root growth of wheat seedlings supplied with boron solutions during a per- 
iod of four days following germination, and also on the development of 
wheat plants in nutrient solutions over a period of nine weeks: 

The degree of the toxicity of boron compounds depended on the con- 
centration of the boron in the solution. Potassium borate, sodium borate, 
and boric acid exhibited similar toxicity when the boron concentrations 
which they afforded were equivalent. 

A concentration of approximately 50 ppm. of boron caused a retarda- 
tion of 40 per cent in the growth of wheat, and a concentration of 100 ppm. 
inhibited growth almost completely. 

The toxicity of boron was the same whether the element was supplied 
to the plants in the form of a single-salt solution or as a component in a 
balanced nutrient medium. 

No antagonism was evident between boron and either calcium or iron. 

An optimum range of concentrations of sodium borate and potassium 
borate lay between 3 and 20 ppm. of boron. These alkaline borates were 
distinctly stimulating to the root growth of young seedlings, and to the 
development of plants grown for nine weeks (to the flowering stage). The 
optimum concentration of each salt corresponded to about 10.8 ppm. of 
boron. 

Solutions of boric acid, on the other hand, did not stimulate the growth 
of the roots of very young seedlings. A slight stimulating effect, as evi- 
denced by dry weights and flower development of the mature plants, was 
noted only in the boric acid solution containing 0.3 ppm. of boron. 

From the results obtained with very young wheat seedlings grown in 
solutions of alkaline and neutral sodium salts, and in nutrient solutions in 
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which the hydrogen-ion concentration was varied by altering the propor- 
tions of monobasic and dibasic potassium phosphate, it is apparent that 
alkalinity was an important factor in the stimulation of these seedlings. 
The results of the experiment of long duration indicate a similar superiority 
of lowered hydrogen-ion concentration for wheat plants grown to the flow- 
ering stage. The difference between the growth in optimum concentrations 
of the alkaline borates and equivalent concentrations of boric acid may be 
due either to the fact that the low hydrogen-ion concentrations of the po- 
tassium and sodium borates is the direct cause of stimulation, or that the 
hydrogen-ion concentration of the culture medium serves as a limiting fac- 
tor determining the extent to which boron stimulation may manifest itself. 
Most of the evidence secured in this study seems to favor the former alter- 
native. 

The results with initially identical renewed and unrenewed solutions 
were so incompatible as to render questionable many of the data on boron 
published from results obtained with unrenewed solutions. 

DEPARTMENT OF BOTANY 
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Description of plates 


The photographs of plates 1 and 2 show cultures of wheat plants at the end of 
eight weeks of growth in nutrient solutions supplied with varying amounts of boron in 
the form of boric acid and borax. The basic nutrient solution contained 0.01 m KH,PO,, 
0.005 m MgSO,, 0.005 m CaNO;, and 0.00001 m FeSQ,. See tables 8, 9, and 10. 


PLaTE 1 
Boric Actp CULTURES 


Cultures 1 to 7 were grown in renewed solutions, and cultures 1A to 7A were 
grown in unrenewed solutions. Cultures 1 and 1A are the boron-deficient controls for 
these two series. Cultures 2 to 7 and 2A to 7A represent boric acid concentrations 
providing 0.1 to 34 ppm. of boron. In the renewed series, the best growth is shown in 
culture 3 supplied with 0.3 ppm. of boron. Culture 7 shows boron toxicity. In the un- 
renewed series all the cultures are somewhat chlorotic. 


PLATE 2 
Borax CULTURES 


These cultures were grown in solutions of borax providing from 0.1 ppm. of boron 
(cultures 8 and 8A) to 34 ppm. (cultures 13 and 13A). Cultures 8 to 13, in which the 
solutions were renewed weekly, exhibit marked stimulation. Corresponding cultures 
8A to 13A, in which solutions were unrenewed, exhibit marked chlorosis and depression 
in growth. For the degree of stimulation or depression, see control culture 1 in plate 1. 
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A review of the American species of Daltonia 


EpwIn B. BARTRAM 
(WITH PLATES 3, 4) 


The genus Daltonia was established by Hooker and Taylor in memory 
of their friend, the Rev. James Dalton, Rector of Croft, in Yorkshire, 
whose keen interest in botany and bryology is reflected by a number of 
noteworthy discoveries of rare mosses and flowering plants from this dis- 
trict. 

Curiously enough the type species, D. splachnoides (Sm.) Hook. & 
Tayl., is isolated in a few scattered localities in Ireland, while elsewhere the 
group is almost entirely confined to elevated tropical regions. In America 
the center of distribution seems to be in Cordilleran regions of Colombia 
and Ecuador, with extensions northward to Mexico and the West Indies, 
eastward to southeastern Brazil and southward to Bolivia and Chile. The 
reported occurrence of D. splachnoides in Mexico and the Antilles is prob- 
ably the result of a rather hazy understanding of the type species and its 
American associates. D. gracilis, one of the most widely distributed of the 
American species, is undoubtedly very close to D. splachnoides, but the 
European plant should be, and I think is, clearly separable through the 
more incrassate upper leaf cells, the stronger, more cartilaginous border, 
shorter leaves, and reduced size throughout: at least no transitional forms 
with clearly correlated characters have been observed in any of the Ameri- 
can collections that would tend to narrow the gap. 

With a few notable exceptions the American species are closely inter- 
related and naturally fall into several well marked groups. No obvious dis- 
tinctions have been found in either the perigonial or perichaetial leaves, 
the peristome, lid or calyptra, all of which seem to be fairly constant 
throughout the genus. Unfortunately the vegetative characters, which 
have been extensively relied upon to differentiate the species, are rather 
unstable, and although there are undoubtedly reasonable limits within 
which these variations can be accommodated, the question of establishing 
these limits and of evaluating the distinctions has often proved a delicate 
and tedious one. 

Four species are obviously distinct: D. macrotheca by the elongated, al- 
most filiform stems with distantly imbricated leaves; D. Jamesoni by the 
large, pellucid quadrate leaf cells and almost percurrent costa; D. lato- 
limbata by the rounded, incrassate upper leaf cells and the band of long, 
narrow juxta-costal cells extending from mid-leaf to the insertion; and D. 
brevinervis by the linear, incrassate upper leaf cells extending in a central 


31 


x} 
4 
t 
is 
|_| t 


32 BULLETIN OF THE TORREY CLUB [VOL. 58 


wedge-shaped band to the insertion. Of the remaining species, one group, 
comprising D. longifolia, D. pulvinata, D. braziliensis, D. aristata, and D. 
androgyna, may be defined by the essentially flat leaf margins and rounded 
leaf cells. In this group the lamina is occasionally broadly reflexed here and 
there and very rarely narrowly recurved, but never regularly and consist- 
ently revolute as in all but one or two of the remaining species. The leaves 
of D. stenophylia and D. gracilis are sometimes nearly plane, but their smal- 
ler size and angular or elongated areolation easily distinguish them from 
those of D. longifolia and its allies, in which the leaf cells are oval and 
rounded. 

Mitten’s key, based on the leaf outline, is helpful as far as it goes; the 
treatment by Brotherus in both editions of Engler and Prantl by subdivi- 
sions into arbitrary groups does not do much to clarify the situation. It 
was at the friendly suggestion of Mrs. Britton, (who had already made a 
chronological list of all the American species and studied the West Indian 
collections) and also by means of the loan of the types not represented in 
the herbarium of the New York Botanical Garden, that this revision was 
undertaken. All the Antillean specimens and their manuscript names have 
been referred to South American species. Needless to say this study would 
have been utterly impracticable without the use of the collections which 
Mrs. Britton so graciously placed at my disposal. Dr. Herzog has very 
generously loaned his Bolivian collections, including the types of several 
species, together with several Brazilian specimens and a limited but highly 
interesting series of unnamed collections from Colombia and Bolivia, all 
of which have been incorporated in the present study. Through the kind- 
ness of Dr. Reimers it has been possible to examine portions of the Mueller 
types which rest in the Botanical Museum at Berlin-Dahlem and Dr. Lind- 
berg has very kindly loaned type material of several South American spe- 
cies from the Brotherus herbarium. Such friendly codperation is deeply 
appreciated and leaves a lasting sense of gratitude. 


KEY TO SPECIES 


Leaf margin flat 
Upper leaf cells short, oval-rhomboidal, 1:2 or less, seta stout, propagulae present. . 
1. D. pulvinata 
Upper leaf cells oval, 1:3 or more, often more or less pitted, seta slender, propagulae 
wanting 
Leaves oblong-ligulate, up to 3.5 mm. long. ................... 2. D. longifolia 
Leaves lanceolate, 2.5—3 mm. long 
Areolation dense, upper cells up to 7 X18u, border wide 


Areolation lax, upper cells up to 10 X30, border narrow ....5. D. androgyna 
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Leaf margin revol ite 


Leaves laxly imbricated, stems slender and elongated............ 6. D. macrotheca 
Leaves densely imbricated, stems shorter 
Costa ending about mid-leaf, upper cells linear..............7. D. brevinervis 
Costa ending } or more up, upper cells not linear 
Leaves ovate, costa nearly percurrent....................... 8. D. Jamesoni 


Leaves lanceolate, costa shorter 
Basal leaf cells linear, firm, border indistinct below 
Leaves lanceolate, 0.4-0.5 mm. wide, propagulae present. .. .9. D. Lindigiana 
Leaves linear-lanceolate, 0.3 mm. wide or less, propagulae usually wanting 
10. D. stenophylla 
Basal cells oblong, border distinct to insertion 
Robust plants, leaves 3-4 mm. long, border wide 


Seta smooth 
Border 10-15 rows wide at base..................... 11. D. bilimbata 
Border 7-9 rows wide at base..................... 12. D. pellucida 
Seta rough above 
Juxta-costal basal cells not differentiated............ 13. D. peruviana 
Juxta-costal basal cells long linear, similar to border cells............. 
14. D. latolimbata 
Slender plants, leaves less than 3 mm. long, border narrow 
Seta smooth 


Leaves oblong-ligulate, basal cells short oblong, firm and pellucid....... 
15. D. trachydontia 


Leaves linear-lanceolate, basal cells linear-oblong, delicate and hy- 


Seta rough above 
Leaves linear-lanceolate, basal cells up to 50u long, linear-oblong... . 
17. D. gracilis 


Leaves lanceolate, basal cells 35u or less long, oblong. .. . 18. D. ovalis 


1. DALTONIA PULVINATA Mitt. Jour. Linn. Soc. Bot. 12: 398. 1869. 


Autoicous. Plants densely tufted, yellowish green, glolsy. Stems up to 1.5 
cm. high, simple, about 2 mm. wide with leaves, radiculose at base, with 
clusters of spindle shaped, septate propagulae in the leaf axils. Leaves densely 
imbricated, erect spreading, spirally contorted when dry, flexuose when 
moist, carinate with a broad median fold, oblong-ligulate, sharply acuminate, 
2.5 to 3 mm. long by 0.6 mm. wide at base, margin flat, often broadly reflexed 
toward base but not revolute, entire or very minutely denticulate at apex, 
border pellucid, sharply defined, 7-10 rows wide at base, 3-4 rows at mid-leaf 
and 2 rows at apex; costa ending about 4/5 up, 35u wide at base, channelled; 
cells of apical blade short, oval-rhomboidal, 6-84 wide by 12-144 long, hardly 
incrassate, median cells similar, basal cells short-rectangular, hyaline. Seta 
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stout, scarcely twisted, 5-6 mm. long, reddish, scabrous above; capsule erect, 
short oval, 1 mm. high by 0.7 mm. broad, exothecal cells strongly collenchym- 
atous; peristome yellowish, densely papillose; lid erect, rostrate; calyptra 
slightly scabrous above, copiously fringed, spores minutely roughened, 22-254 
in diameter. 


Type Locality: Andes Bogotenses, near Bogota, Colombia. 

Distribution: Colombia, Ecuador, Bolivia. 

Material seen: Cotompi1a: Andes Bogotenses, prope Bogota, Weir (type); on 
branches of stunted trees by the way from Tipiguira to Pacho, 8000 ft., Weir (propagu- 
lae abundant).—Ecuapor: Guayrapata ad ramulos, Spruce (No. 
Incacorral, alt. 2200 m., Herzog 4950 in part. 


Remarks: This species closely resembles both D. longifolia and D. 
braziliensis but appears to be distinct in the shorter, less incrassate leaf 
cells, the stout, short seta and larger spores. The occurrence of axillary 
propagulae may also be a distinctive feature. They have been found in all 
the specimens studied, and are especially abundant in the specimens from 
near Pacho, Colombia. 


2. DALTONIA LONGIFOLIA Tayl. Lond. Jour. Bot. 7: 284. 1848. 


D. crispata Schimper ex Besch. Mem. Soc. Sci. Cherbourg 16: 228. 1872. 
D. robusta Angstr. Ofvers. K. Vet. Akad. Foerhand. 1873°: 117. 1873. D. 
Dussii Broth. Symb. Ant. 3: 426. 1903. 


Autoicous. Plants in rather lax tufts, yellowish green, glossy. Stems up to 
2.5 cm. high, simple or sparingly branched, 2-3 mm. wide with leaves, radic- 
ulose below. Leaves closely imbricated, erect spreading and rather spirally 
contorted when dry, flexuose when moist, carinate with a broad median fold, 
oblong-ligulate, sharply acuminate, 3 to 3.5 mm. long by 0.6 mm. wide at 
base; margin flat, minutely denticulate toward apex; border pellucid, sharply 
defined, 8-15 rows wide at base, about 4 rows at mid-leaf and 2 rows at apex; 
costa ending about 4/5 up, 45y wide at base, channelled; cells of apical blade 
oval -oblong, 6-7 wide by 15-25 long, median cells similar, often arranged in 
oblique rows, basal cells narrowly oval to linear-rhomboidal, rather incrassate 
and pellucid and often lightly pitted. Seta slender, twisted to left when dry, 
up to 10 or 12 mm. long, reddish, scabrous above; capsule erect, oval-cylindri- 
cal, up to 1.5 mm. long by 0.8 mm. wide, exothecal cells strongly collenchym- 
atous; peristome yellowish, densely papillose; lid erect, rostrate, about 1 mm. 
long, yellowish; calyptra slightly scabrous above, copiously fringed; spores 
minutely roughened, 12-15 in diameter. 


Type Locality: Mt. Pichincha near Quito, Ecuador. 

Distribution: Mexico, Guatemala, Haiti, Martinique, Colombia, Ecuador, Gala- 
pagos Islands, Bolivia. 

Material seen: Mexico: Huatusco, Vera Cruz, Liebmann; on oaks, Honey Station, 
Hidalgo, Pringle 10487.—GuateMALa: Alta Verapaz, Cubilguitz, Turckheim 6660, 
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6661; Alta Verapaz, prope Coban, Turckheim 6662.—Hart1: vicinity of Furcy, 
Leonard 4620b.—MARTINIQUE: Ajoupa Bouillon, Pere Duss 345.—CoLomB1a: Magana, 
Cordillera Central, Killip & Hazen 12092a.—Ecvapor: Pichincha near Quito, Jameson 
(type); Autombos, Spruce 565; Tunguragua, Spruce——GA.Lapacos IsLanps: Chaves 
Island, V. J. Anderson; James Island, Alban Stewart 6046a.—Bottvia: Rio Pelichucho, 
R. S. Williams 2751; Santa Barbara, R. S. Williams 1816; Talschlucht von Tablas, 
Herzog 4650; Bergwald von Tocorani, Herzog 4040, 408 id in part; auf Baumasten beim 
Sillar, Herzog 2696a; Incacorral, Herzog 5091a in part. 


Remarks: I have endeavored in all fairness to find some characters 
that might distinguish the various collections comprised in the synonymy 
of this species, but without success. D. longifolia is apparently an unstable 
type, but the variations are only relative, and may be included in the out- 
line of a conservative specific concept. Indeed D. pulvinata, D. longifolia, D. 
brazilinensis, D. androgyna, and D. aristata form a very closely united 
group well defined from the other species by the essentially flat leaf mar- 
gins and rounded leaf cells but not distinguished from each other by any 
salient characters. From a radical viewpoint the entire group might be 
subordinated to D. longifolia, but as this might tend to obscure rather than 
clarify our understanding of the elements involved, I have followed a mid- 
dle course and tried to group the plants according to their natural affinities 
and geographical distribution, not, however, without considerable mental 
reservation. The leaf margins in the plants comprising this group are es- 
sentially flat, but occasionally the lamina is broadly reflexed, and very 
rarely narrowly recurved, but never consistently enough to be confused 
with the much larger group of species in which the margin is usually plainly 
and narrowly revolute. 


3. DALTONIA BRAZILIENSIS Mitt. Jour. Linn. Soc. Bot. 12: 399. 1869. 


D. leucoloma Hampe, Vidensk, Medd. Nat. Foren. Kjéb. 1874: 152. 1875. 

Autoicous. Plants fulvous green, glossy. Stems up to 1.2 cm. high, more or 
less branched, 2-3 mm. wide with leaves, radiculose below. Leaves closely im- 
bricated, erect and slightly spirally contorted when dry, flexuose when moist; 
carinate with a median fold, lanceolate, sharply acuminate, 2.5 mm. long by 
0.6 mm. wide at base; margin flat, entire or very minutely denticulate above; 
border yellowish pellucid, 7-14 rows wide at base, about 4 rows at mid-leaf 
and 2 rows above; costa ending about 2/3 up, 454 wide at base, channelled; 
cells of apical blade oval-rhomboidal, 6-74 broad by 14-18 long, median 
cells similar often oblique, basal cells rectangular and rhomboidai, all slightly 
incrassate. Seta slender, 6-12 mm. long, reddish, scabrous above; capsule 
erect, oval, up to 1.5 mm. high by 0.8 mm. broad, exothecal cells strongly col- 
lenchymatous; peristome yellowish, densely papillose, teeth strongly trabe- 
culate on inner side; lid erect, about 1 mm. long, yellowish; calyptra slightly 
scabrous above, fringed; spores minutely roughened, 14-18y in diameter. 
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BULLETIN OF THE TORREY CLUB 


Type Locality: Province of Minas Geraes, Brazil. 

Distribution: Brazil. 

Material seen: Sierra de Piedade, Minas Geraes, Brazil, Gardner 78 (type); woods 
near Corritaba, Weir; Rio, Glaziou 5820; Rio Janeiro, Glaziou 5620. 


Remarks: Leaves from the type collection of D. braziliensis show a vari- 
able border from 5 to 12 rows wide at the base while those from the type 
collection of D. leucoloma show a border from 7 to 14 rows wide at the 
base. The setae in D. leucoloma are rather shorter, but neither of these 
characters appear to be stable enough to warrant a specific distinction. 


4. DALTONIA ARISTATA Geheeb & Hampe, Vidensk. Meddel. Kjgb. 1879- 
80: 121. 1879. 


D. Uleana C. Mill. Bull. Herb. Boiss. 6: 111. 1898. 

Autoicous and synoicous. Plants loosely tufted, yellowish green, glossy. 
Stems up to 1.5 cm. high, simple or branched, about 3 mm. wide with leaves, 
radiculose below. Leaves erect spreading, flexuose and lightly twisted when 
dry, flexuose when moist, ovate-lanceolate, sharply acuminate, up to 2.75 
mm. long by 0.7 mm. wide at base; margin flat, entire or minutely denticulate 
above; border pellucid, 7 to 10 rows wide at base, 4-6 rows wide at mid-leaf 
and 1 or 2 rows wide above; costa ending about $ up, 45u wide at base, chan- 
nelled; cells of apical blade oval-rhomboidal, 6-74 wide by 16-184 long, median 
cells similar and often obliquely arranged on one side, basal cells oblong and 
rhomboidal, all slightly incrassate. Seta short, 4-5 mm. long, reddish, scabrous 
above; capsule short oval, erect, about 0.6 mm. high by 0.5 mm. wide, exo- 
thecal cells strongly collenchymatous; peristome not seen; lid conic subulate, 
yellowish (ex desc.) ; spores unknown. 

Type: Prope Apiahy, San Paulo, Brazil. 

Distribution: Endemic. 

Material seen: BraziL: prope Apiahy, San Paulo, Puiggari (type); Catharina, 
Serra Geral, E. Ule 865. 


Remarks: There is little beyond the shorter setae to separate these 
plants from D. braziliensis, and I am very doubtful if they represent any- 
thing more than a form of this species. 


5. DALTONIA ANDROGYNA Geheeb & Hampe Flora 64: 405. 1881. 


Autoicous. Plants yellowish green, glossy. Stems up to 1 cm. high, simple, 
about 2 mm. wide with leaves, radiculose below. Leaves closely imbricated, 
erect and lightly spirally contorted when dry, flexuose when moist, carinate 
with a median fold, ovate-lanceolate, sharply acuminate, 2.5 mm. long by 0.6 
mm. wide at base, margin flat, entire or very minutely denticulate above; 
border pellucid, 4-5 rows wide at base, about 3 rows wide at mid-leaf and 1-2 
rows wide above; costa ending about 2/3 up, 40u wide at base, channelled; 
cells of apical blade oblong-rhomboidal, up to 104 wide by 20-30y long, median 
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cells similar, basal cells oblong and rhomboidal becoming narrower toward 
costa, all rather incrassate and slightly pitted. Seta slender, about 10 mm. long, 
reddish, very scabrous above and rough half way down; capsule erect or in- 
clined, oval, 1.5 mm. high by 0.9 mm. wide, exothecal cells strongly col- 
lenchymatous; peristome yellowish, densely papillose; lid erect, 0.65 mm. high, 
yellowish; spores minutely roughened, 15-17, in diameter. 

Type Locality: prope Apiahy, San Paulo, Brazil. 

Distribution: Endemic. 

Material seen: Brazil: prope Apiahy, San Paulo, Puiggari 985b (type). 


Remarks: This plant appears to be distinct from D. braziliensis in the 
larger, pitted leaf cells and the narrower border and from D. aristata by 
the longer seta, larger areolation and narrower border. 


6. DALTONIA MACROTHECA Mitt. Jour. Linn. Soc. Bot. 12: 402. 1869. 


Autoicous. Plants pale, yellowish green, slightly glossy. Stems dark red, 
up to 4 cm. long, slender and flexuous, simple, about 1 mm. wide with leaves, 
radiculose at extreme base. Leaves laxly imbricated, erect, flexuose and 
slightly twisted when dry, erect spreading and flexuose when moist, carinate 
with a median fold, narrowly lanceolate, long and slenderly acuminate, 2.5 
mm. long by 0.5 mm. wide at base; margin narrowly revolute on one or both 
sides from base nearly to apex, usually flat for a short distance below point, 
entire; border pellucid, 7-9 rows wide at base, 4-5 rows wide at mid-leaf and 
2-3 rows wide above, confluent at apex, sharply defined below; costa ending 
about 2/3 up, 40u wide at base, channelled; cells of apical blade oval-rhom- 
boidal, up to 7u wide by 20-28u long, median cells similar, basal cells rec- 
tangular and rhomboidal, rather lax, all lightly incrassate. Seta slender, 12-14 
mm. long, dark red, scabrous above; capsule inclined, oval-cylindrical, 2.1 
mm. long by 1 mm. wide, dark brown; peristome yellowish, densely papillose, 
the teeth with several narrow slits along the median line; lid not seen; calyp- 
tra smooth above, copiously fringed; spores slightly rough, 10-12y in diam- 
eter. 

Type Locality: Chimborazo, Ecuador. 

Distribution: Endemic. 

Material seen: Ecuador: cinchona forest, Chimborazo, Spruce (type) 


Remarks: The slender, elongated stems, laxly imbricated leaves and 
large capsule characterize this species clearly. It is easily segregated from 
Lepidopilum chloroneuron, with which it is entangled in the type collection, 
by the dark red, almost black stems, and the erect flexuose narrow leaves. 


7. Daltonia brevinervis sp. nov. 

Autoicous, male flowers about 0.7 mm. long, of 5 or 6 ovate, acute, entire 
perigonial bracts, the inner ecostate, the outer faintly nerved in the lower half, 
enclosing 2 or 3 antheridia without paraphyses. Plants in rather lax tufts, pale 
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green and glossy at the tips, brown below. Stems robust, up to 3 cm. long, 
simple or fasiculately branched, about 2 mm. wide with leaves, radiculose 
toward the base and often denuded of leaves in the older parts. Leaves closely 
imbricate, erect appressed and straight when dry, erect spreading when moist, 
carinate-concave without a median fold, oblong-ligulate, acute, 2 mm. long by 
0.5 mm. wide at base; margin narrowly revolute from just below apex to in- 
sertion, entire; border yellowish pellucid, sharply defined at base, merging with 
the lamina cells about 1/3 up and indistinct above, 6~-8 rows wide at base; 
costa slender, flat and indistinct, about 30u wide at base, blending with the 
elongated lamina cells about mid-leaf; cells of apical blade linear, about 5y 
wide by 40-50, long, yellowish pellucid and rather obscure, slightly incrassate, 
shorter toward the margins and extreme apex, median cells similar and extend- 
ing in a V shaped band to the base of the costa, basal cells between the median 
band and margin oval and short rectangular with rounded ends, 6—8u wide by 
12-24y long, pellucid to hyaline. Seta slender, about 12 mm. long, usually 
scabrous throughout; capsule erect or slightly inclined, short oval, about 1 
mm. high by 0.8 mm. wide, dark brown; peristome yellowish, densely papil- 
lose (fruit all old); lid not seen; calyptra conical, smooth above, copiously 
fringed; spores roughened, about 15,y in diameter. 


Type: an der Rinde von Vorpostenbaumchen, Paramo E] Boqueron near Bogota, 
Colombia, 3300 meters, K. Troll 2176 in 1929. Com. Herzog. 
Distribution: Known only from the type locality. 


Remarks: This very interesting species was received from Dr. Herzog 
with other specimens of Daltonia from the same region. It seems to have no 
close affinity with any other known species, and is unique in the short nerve 
and linear areolation of the upper lamina, which converges in a wedge- 
shaped band to the base of the nerve. The area of short, hyaline cells be- 
tween this band and the border is clearly differentiated, and ends above 
in a somewhat acute angle near the border. The type is deposited in the 
herbarium of the writer. 


8. DALTONIA JAMESONI Tayl. Lond. Jour. Bot. 7: 283. 1848. 


Autoicous. Plants in compact tufts, yellow, slightly glossy. Stems robust, 
stiffly erect, up to 5 cm. long, simple or with few erect branches, about 1 mm. 
wide with leaves, densely radiculose and matted rogether in lower parts. 
Leaves closely imbricated, appressed and lightly twisted when dry, closely 
appressed with flexuose tips when moist, carinate with a broad median fold, 
broadly ovate, sharply acuminate, 2 mm. long by 0.8 mm. wide, margin nar-' 
rowly revolte, entire; border yellowish pellucid, narrow, sharply defined, 3-5 
rows wide at base, about 3 rows at mid-leaf and 2 rows wide above; costa faint, 
usually obscured by the median fold, about 30u wide at base, flat, ending in 
acumen just below point; upper and median leaf cells quadrate and short 
rectangular, pellucid, somewhat incrassate, about 154 wide by 15-25, long, 
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basal cells more elongate up to 50u long. Seta dark red, 5-12 mm. long, sca- 
brous above; capsule erect, oval-cylindrical, 1.4 mm. high by 0.5 mm. wide, 
dark red, exothecal cells strongly collenchymatous; peristome pale yellow, 
densely papillose; lid erect, rostrate, 1 mm. long, yellowish; calyptra scabrous 
above, copiously ciliate; spores roughened, 20-25, in diameter. 


D. JAMESONI var. LAEVIS Herzog, Bibl. Bot. 87: 128. 1926. 
Distinguished from the type by the seta almost smooth throughout. 


Type Locality: Ecuador, Mt. Pichincha. 

Distribution: Ecuador, Bolivia (var.). 

Material seen: Ecuapor: summit of Mt. Pichincha on hillocks of Bolax Jameson 
in 1847 (type).—Botrvia: an feuchten felsen der Cerros de Malaga, ca. 4000 m., 
Herzog 4415 (var.). 


Remarks: The broad leaves, large subquadrate, pellucid leaf cells and 
almost percurrent costa separate this plant unmistakably from any of its 
associates. 


9. DattontaA LiInpIGIANA Hampe, Ann. Sci. Nat. Bot. V. 4: 363. 1866. 


D. irrorata Mitt. Jour. Linn. Soc. Bot. 12: 399. 1869. D. Stewartii R. S. 
Williams, Bryologist 27: 38. 1924. 

Autoicous. Plants in rather compact tufts, golden brown, glossy. Stems 
usually robust, erect or ascending, up to 3 cm. long, usually branched, about 
2 mm. wide with leaves, sparingly radiculose below, with axillary, spindle 
shaped, septate propagulae. Leaves closely imbricated, erect and straight 
or slightly flexuose when dry, erect-spreading when moist, carinate with a 
median fold, narrowly lanceolate, acuminate, up to 4 mm. long by 0.5 mm. 
wide at base; margin narrowly revolute on one or both sides, entire; border 
pellucid, rather indistinct, blending with the elongated basal cells below, 8-10 
rows wide at base, 4-5 rows wide at mid-leaf and 1-2 rows wide above; costa 
about 40u wide at base obscured by the median fold, ending about 4/5 up; 
cells of apical blade narrowly rhomboidal or lenticular, up to 84 wide by 
25-45 long, median cells similar but rather narrower, basal cells linear, up 
to 60u long, rather incrassate throughout with firm, pellucid walls. Seta 10-12 
mm. long, shorter in reduced forms, dark red, scabrous above and sometimes 
roughened to or below the middle; capsule erect, short oval, 1-1.25 mm. long 
by 0.7 mm. wide, dark brown, exothecal cells rounded, hexagonal, thick walled 
but not strongly collenchymatous except near the rim; peristome yellowish, 
densely papillose, teeth usually with several apertures along the median line; 
lid erect, rostrate, 0.75 mm. long, yellowish; calyptra slightly scabrous above, 
copiously fringed; spores roughened, 12-18, in diameter. 


Type Locality: Colombia, Boqueron. 

Distribution: Colombia, Galapagos Islands, Ecuador. 

Material seen: CoLomB1A: Boqueron, 2100 m., Lindig 2023 (type); Boqueron 
prope Bogota, Weir 193, 294, 336, 338; Paramo El Boqueron bei Bogota, K. Troll 
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2180d, 2185.—GaA.apacos Istanps: Chatham Island, Alban Stewart 2782.—Ecuapor: 
Andes Quitenses, Cayembe, Spruce. 


Remarks: Evidently Mitten was unaware of Hampe’s species, as there 
is no reference to it in his Musc. Austro-Am. published in 1869. Lindig’s 
type collection and the subsequent collections of Weir and Troll all come 
from the Paramo Boqueron near Bogota, and are identical in every essen- 
tial particular. Weir 336 and Troll 2180d seem to be only stunted forms 
without any structural differences, and the plants collected by Stewart in 
the Galapagos Islands are likewise inseparable from those of the type local- 
ity. The species may be recognized by the elongated, firm basal cells blend- 
ing with the border, which is consequently ill-defined below, and by the 
axillary propagulae. D. stenophylia is a smaller plant with narrower leaves. 
Some forms of D. Lindigiana are uncomfortably close to D. gracilis, in fact 
the four species D. stenophylla, D. gracilis, D. Hampeana and D. ovalis 
form a rather compact group of closely related forms that are often difficult 
to delimit sharply, but for the present it does not seem that any construc- 
tive result will be gained by further condensation. 


10. DALTONIA STENOPHYLLA Mitt. Jour. Linn. Soc. Bot. 12: 402. 1869. 


D. aristifolia Bartr. Cont. U. S. Nat. Herb. 26: 99. 1928; D. Fendleri C. 
Miiller Linnaea 42: 491. 1879; D. tenella Broth. Act. Soc. Sci. Fenn. no. 5. 1897. 

Autoicous. Plants in small tufts, pale green, glossy. Stems short and 
slender, simple or branched, 5-12 mm. high, 1-2 mm. broad with leaves, radi- 
culose below. Leaves closely imbricated, straight or lightly twisted when dry, 
carinate with a narrow median fold, narrowly linear-lanceolate, subulate acum- 
inate, up to 3 mm. long by 0.3 mm. wide at base; margin narrowly revolute, en- 
tire; border pellucid, rather indistinct below, 5-8 rows wide at base, 4-6 rows 
wide at mid-leaf and 2 rows wide above; costa about 40u wide at base chan- 
nelled, ending about 4/5 up; cells of apical blade lenticular, about 74 wide and 
up to 45y long, median cells similar, basal cells linear-oblong, up to 70u long, 
firm throughout with slightly thickened, pellucid walls. Seta up to 9 mm. 
long, often shorter, reddish, slightly scabrous above; capsule erect, narrowly 
oval, up to 1.2 mm. high by 0.5 mm. wide, dark brown, exothecal cells strongly 
collenchymatous; peristome yellowish, densely papillose; lid erect, rostrate, 
0.75 mm. long, yellowish; calyptra nearly smooth above, fringed; spores 
minutely roughened, 10-12, in diameter. 


Type Locality: Mt. Tunguragua, Ecuador. 

Distribution: Jamaica; St. Vincent; Costa Rica; Venezuela; Ecuador; Brazil. 

Material seen: Jamaica: Dollwood, St. Catharine’s Peak, Nichols 94; Blue Mt. 
Peak, Jaderholm 7420.—St. Vincent: Guilding.—Costa Rica: Volcan de Turrialba, 
Standley 35156a.—VENEZUELA: Valencia, Fendler 131.—Brazmt: Caraca, Minas 
Geraes, W ainio; Alto de Serra, San Paulo, A. Gehrt 466, 469, com. Herzog.—Ecvuapor: 
Mt. Tunguragua, Spruce 568 (type); Llalla, Spruce 567. 
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Remarks: The plants included here vary in the degree of robustness 
and length of setae but they all have in common the nearly erect, subulate- 
acuminate leaves, elongated pellucid leaf cells and rather narrow, poorly 
defined border below. Axillary, septate propagulae, similar to those found 
in D. Lindigiana but small, occur sparingly in no. 466 from Brazil, but 
otherwise the plants of this collection are indistinguishable from those in- 
cluded in the specific concept of D. stenophylla. 


11. DALTONIA BILIMBATA Hampe Linnaea 32: 151. 1863. 

D. compressa Mitt. Jour. Linn. Soc. Bot. 12: 400. 1869. 

Autoicous. Plants densely tufted, yellowish green above, brown below, 
glossy. Stems up to 1.5 cm. high, rather robust, simple, about 5 mm. wide with 
leaves, radiculose below. Leaves crowded, erect-spreading, slightly flexuose, 
carinate with a median fold, oblong-lanceolate, acuminate, 4 mm. long by 0.5 
mm. wide at base; margin narrowly revolute on one or both sides, entire; 
border pellucid, very broad and distinct in the lower half and occupying 1/2 
or more of the leaf base, 12-15 rows wide at base, 7-9 rows wide at mid-leaf 
and 2-3 rows wide above; costa about 454 wide at base, ending about 4/5 up; 
cells of apical blade oval-hexagonal to oval-rhomboidal, about 84 wide by 
25-30 long, median cells similar, basal cells rather lax, rectangular and linear- 
oblong, all rather thin walled and hyaline. Seta slender, reddish, up to 14 mm. 
long, indistinctly roughened or smooth above; capsule inclined, narrowly oval, 
about 2 mm. long by 0.9 mm. wide, dark brown, exothecal cells collenchy- 
matous in upper half of urn, uniformly thickened below; peristome normal; 
lid erect, rostrate, 1.5 mm. long, yellowish; calyptra slightly rough above, 
fringed; spores roughened, 20-25, in diameter. 

Type Locality: Bogota, Colombia. 

Distribution: Colombia, Ecuador. 

Material seen: CoLtomBra: Bogota, Monserate, Lindig (type); Grenze der ‘Ceja’ 


gegen den Paramo, K. Troll 2028; Andes Bogotenses, Weir 349.—Ecuapor: Mt. 
Pichincha, Spruce 563. 


Remarks: The robust habit, long leaves and wide border clearly dis- 
tinguish this species from any others in the group with revolute leaf mar- 
gins. The margin in this species varies somewhat, being sometimes nar- 
rowly revolute on one side and broadly recurved on the other or even flat 


toward the base, but never plane throughout as in D. longifolia and its 
allies. 


12. DALTONIA PELLUCIDA Herzog, Bibl. Bot. 87: 128. 1916. 


Autoicous. Plants in small, dense tufts, yellowish green above, brown be- 
low, glossy. Stems up to 2.5 cm. high, about 2.5 mm. wide with leaves, simple 
or branched, densely radiculose below. Leaves crowded, erect and spirally 
twisted when dry, erect-flexuose when moist, carinate with a median fold, 
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oblong-ligulate, up to 4 mm. long by 0.75 mm. wide at base; margin narrowly 
revolute, more broadly so on one side than the other, entire; border pellucid, 
well defined, 7-9 rows wide at base, 5-7 rows wide at mid-leaf and 2 rows 
wide above; costa 40u wide at base, ending about 4/5 up; cells of apical blade 
oval-hexagonal, scarcely incrassate, 7-8u wide by 15-25u long, median cells 
similar but more oblong, basal cells oblong and linear-oblong, all pellucid. 
Seta up to 1 cm. long, slender, reddish, smooth; capsule oval, 1.5 mm. high 
by 1 mm. wide, dark brown; peristome, lid and calyptra unknown; spores 
roughened, about 15, in diameter. 

Type Locality: Comarapa, Bolivia. 

Distribution: Endemic. 

Material seen: Bolivia: Auf Baumisten im Nebelwald iiber Comarapa, ca. 2600 
m., Herzog 4214 (type). 


Remarks: This plant together with D. peruviana and D. bilimbata form 
a natural little group characterized by the robust habit and broadly bor- 
dered leaves. D. pellucida may be distinguished from D. peruviana by the 
smooth seta, and from D. bilimbata by the narrower border and shorter, 
broader capsules. 


13. DALTONIA PERUVIANA Mitt. Jour. Linn. Soc. Bot. 12: 401. 1869. 

Autoicous. Plants densely tufted, pale yellowish green above, brown be- 
low, slightly glossy. Stems rather robust, up to 2.5 cm. high, about 2 mm. wide 
with leaves, cuspidate at the tips, radiculose below. Leaves crowded, erect, 
flexuose and twisted when dry, carinate with a median fold, oblong-lanceolate, 
acuminate, up to 3 mm. long by 0.8 mm. wide at base; margin narrowly re- 
volute, entire; border pellucid, broad and well defined, 12-15 rows wide at 
base, 7-9 rows wide at mid-leaf and 2-3 rows wide above; costa 354 wide at 
base, ending about 4/5 up; cells of apical blade oval-hexagonal, 74 wide by 
15-20 long, not incrassate, pellucid, median cells similar but more hyaline, 
basal cells oblong, hyaline. Seta slender, 8 mm. long, reddish, rough above; 
capsule erect or inclined, oval, 1 mm. high by 0.5 mm. wide, brown; peristome, 
lid and calyptra unknown(capsules all old). 


Type Locality: Cordillera de Raneo, Sachapata, Peru. 

Distribution: Endemic. 

Material seen: Peru: Cordillera de Raneo, Sachapata, Lechler (type). 

Remarks: The wide border and hyaline areolation suggest an approach 
to D. bilimbata, but that species is even more robust with longer, more 
broadly bordered leaves and in addition has an almost smooth seta and 
much larger capsules. 


14. DALTONIA LATOLIMBATA Broth. Bibl. Bot. 87: 129. 1916. 


Autoicous? Plants in small tufts, golden green above, pale brown below, 
glossy. Stems rather robust, about 2 cm. high, simple or branched, 3-4 mm. 
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wide with leaves, radiculose below. Leaves crowded erect-spreading and 
lightly twisted when dry, more widely spreading and somewhat flexuose when 
moist, carinate with a small median fold, oblong-lanceolate, gradually acum- 
inate, up to 4 mm. long by 0.9 mm. wide at base; margin narrowly revolute, 
often merely reflexed or even flat in acumen, entire; border pellucid, rather in- 
distinct, 12-15 rows wide at base, 7-9 rows wide at mid-leaf and 2-3 rows wide 
above; costa 45y wide at base, ending about 4/5 up; cells of apical blade with 
oval lumens, incrassate, pellucid, about 74 wide by 20y long, median cells 
similar but more elongated becoming linear toward costa, basal cells between 
border and central band linear-oblong and linear-rhomboidal, incrassate and 
pellucid, a band 8 or 10 rows wide on either side of costa very long and nar- 
row, similar to the border cells. Seta about 7 mm. long, slender, reddish, 
slightly rough above; capsule erect, oval, about 1.1 mm. high; peristome, lid 
and calyptra unknown; spores (ex desc.) 25y in diameter. 


Type Locality: Incacorral, Bolivia. 
Distribution: Endemic. 
Material seen: Bolivia: Incacorral, 2200 m., Herzog 4950a (type). 


- Remarks: The rounded, incrassate cells of the upper lamina distinguish 
this species at once from any others in the group of robust plants with 
broadly bordered leaves and revolute margins. The band of long, narrow 
cells next to the costa extending from the base to above mid-leaf is a very 
marked character shared by only one other species, D. brevinervis, which 
is distinguished at a glance from D. latolimbata by the linear upper leaf cells, 
short nerve and narrow border. 


15. DALTONIA TRACHYDONTIA Mitt. Jour. Linn. Soc. Bot. 12: 400. 1869. 


D. subirrorata Broth. Bibl. Bot. 87: 129. 1916. D. Valdiviae Herzog, Hed- 
wigia 64: 15. 1923. 


Autoicous. Plants in small tufts, fulvous green, glossy. Stems up to 1 cm. 
high, about 1 mm. wide with leaves, radiculose below. Leaves crowded, erect 
flexuose and twisted when dry, erect-spreading and flexuose when moist, 
carinate with a broad median fold, oblong-ligulate, acuminate, up to 3 mm. 
long by 0.4 mm. wide at base; margin narrowly revolute, often more broadly 
so on one side, entire; border pellucid, narrow but well defined, 3-5 rows wide 
at base, 2-3 rows wide at mid-leaf and 1-2 rows wide above; costa slender, ob- 
scured by median fold, 30u wide at base, ending about 3/4 up; cells of apical 
blade oval-hexagonal, not incrassate, rather pellucid, about 74 wide by 14-184 
long, median cells similar, more rhomboidal, basal cells oblong, up to 25y long. 
Seta up to 1 cm. long, reddish, smooth or nearly so; capsule erect, oval, up to 
1.5 mm. long by 0.5 mm. wide, peristome yellowish, densely papillose; lid 
rostrate, erect, 0.75 mm. long, yellowish; calyptra smooth above; spores 
roughened, 12—16y in diameter. 
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Type Locality: Cayembe, Andes Quitenses, Ecuador. 

Distribution: Ecuador, Bolivia, Chile. 

Material seen: Ecuapor: Cayembe, Andes Quitenses, cum D. ovalis, Jameson 
(type).—Botrvia: Sorata, 2500 m., Williams 2942; Aucoma, Cordillera Real, ca. 4000 
m., K. Troll 27.—Cute: Arique, Isla de Tejas, bei Valdivia, Herzog 5268.—Bottvia: 
Incacorral, Herzog 5091a in part. 


Remarks: Distinguished from D. tenuifolia by the broader, more ligu- 
late leaves, wider capsule and especially by the rather incrassate, pellucid 
leaf cells which are short and firm at the base. Having been unable to 
separate the Bolivian plants described by Brotherus from those represent- 
ing the type collection of D. trachydontia I have no alternative but to in- 
clude them under the older specific name. I have also been tempted to refer 
D. Valdiviae to synonymy, as it seems to be only a reduced form differing 
from the type in no important particular but the shorter seta. This is a 
variable factor at best, and hardly strong enough alone to merit a specific 
distinction. 


16. DALTONIA TENUIFOLIA Mitt. Jour. Linn. Soc. Bot. 12: 402. 1869. 


Autoicous. Plants in small tufts, sordid to bright green, glossy. Stems 
slender, up to 7 mm. high, simple or branched, 1-1.5 mm. wide with leaves, 
radiculose below. Leaves crowded, erect, flexuose and lightly twisted when 
dry, erect-spreading and flexuose when moist, carinate, linear-lanceolate, 
slenderly acuminate, up to 2.5 mm. long by 0.3 mm. wide at base; margin nar- 
rowly revolute on one or both sides toward base, usually flat in acumen, en- 
tire; border pellucid, rather narrow, 4-6 rows wide at base, 3-4 rows wide at 
mid-leaf and 1-2 rows wide above; costa 40u wide at base, obscured by the 
narrow median fold, ending about 4/5 up; cells of apical blade oval-hexagonal, 
lax, not incrassate, up to 124 wide by 25u long, median cells more rhomboidal, 
basal cells linear-oblong, thin walled, delicate and hyaline. Seta up to 6 mm. 
long, reddish, smooth; capsule erect, oval-cylindrical, 1-1.5 mm. high by 0.5 
mm. wide, peristome yellowish, densely papillose; lid rostrate, erect, 0.6 mm. 
long, yellowish; calyptra smooth above, copiously fringed; spores roughened, 
10-12, in diameter. 

Type Locality: Pallatanga, Andes Quitenses, Ecuador. 

Distribution: Costa Rica, Ecuador, Bolivia. 

Material seen: Costa Rica: San Jose, Prov. San Jose, M. Valerio 205a.—Ecva- 


por: Pallatanga, ad arbores, 6000 ft., Spruce 561 (type).—Bottvia: Quebrada de 
Pacona, 2800 m., Herzog 5149. 


Remarks: For distinctions between this species and D. trachydontia 
refer to notes under the latter plant. 


17. DALTONIA GRACILIS Mitt. Jour. Linn. Soc. Bot. 12: 402. 1869. 
D. Wallisii C. Mill. Flora 58: 550. 1875; D. ocanniana C. Mill. Flora 58: 
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551. 1875; D. lorifolia C. Miill. Flora 58: 550. 1875; D. minutifolia C. Mill. 
Nuov. Giorn. Bot. Ital. 4: 148. 1897; D. Hampeana Geheeb, Vidensk. Meddel. 
Kjgb. 1879-1880: 122. 1879; D. curvicuspes C. Miill. Hedwigia 39: 268. 1900; 
D. Krauseana C. Mill. 

Autoicous and synoicous. Plants in small tufts, yellowish or fulvous green, 
glossy. Stems slender, up to 1 cm. high, about 1 mm. wide with leaves, radi- 
culose below. Leaves crowded, erect, flexuose-twisted when dry, flexuose when 
moist, carinate with a narrow median fold, linear-lanceolate, up to 2.5 or 3 
mm. long by 0.4 mm. wide at base; margin narrowly revolute on one or both 
sides, sometimes flat toward base, entire; border pellucid, well defined, 6-8 
rows wide at base, 3-4 rows wide at mid-leaf and 2 rows wide above; costa 
30u wide at base, ending about 4/5 up; cells of apical blade lenticular or nar- 
rowly rhomboidal up to 7y wide by 24 long, slightly incrassate, pellucid, median 
cells similar, rhomboidal and linear rhomboidal, basal cells linear-oblong, hy- 
aline. Seta slender, about 6 mm. long, reddish, scabrous above and sometimes 
rough half way down; capsule erect or inclined, oval-cylindrical, up to 1.1 mm. 
high by 0.5 mm. wide, dark brown, exothecal cells strongly collenchymatous; 
peristome yellowish, densely papillose; lid erect, rostrate, 0.75 mm. long, 
yellowish; calyptra slightly rough above, fringed; spores roughened, 12-14y 
in diameter. 

Type Locality: Canelos, Andes Quitenses, Ecuador. 

Distribution: Costa Rica, Panama, Colombia, Ecuador, Peru, Bolivia, Chile, 
Brazil. 

Material seen: Costa Rica: Candelaria in foliis arboreum inter Hepaticas, 
Oersted.—PANAMA: Humid forest between Alto de las Palmas and top of Cerro de la 
Horqueta, Chirique, Pittier 3252 in part.—Cotomata: Sibati to El Penon, Rusby & 
Pennell ; Ocanna and Santa Isabel, Wallis —Ecuapor: in sylva Canelos, Andes Quiten- 
ses, 3000 ft., Spruce 560 (type).—Perru: Tatanara, Lechler—Bo.tvia: Bergwald von 
Tocorani, Herzog 4042; Incacorral, Herzog 5021; Prov. Cochabamba prope Choque- 
camata, Germain; Rio Tocorani, Herzog 4081d in part; Incacorral Herzog 18 ; Estradil- 
las, Prov. Cochabamba, Herzog.—Cutte: Valdivia, Krause.—BraziL: prope Apiahy, 
San Paulo, Puiggari; Serra Ouro Preto, Minas Geraes, Ule 1438. 


Remarks: The plants referred here vary considerably in size but there 
are no structural differences that can be correlated with the smaller forms 
described by Miiller under the names of D. lorifolia and D. minutifolia 
and it seems highly probable that all these collections are merely variants 
of one specific type. The margins are sometimes flat but not consistently 
so, as leaves with plane margins and others with one or both margins nar- 
rowly revolute are found on the same plant. There is nothing to distinguish 
either D. Wallisii or D. ocanniana from each other or from the type, and 
although D. minutifolia is a smaller plant more nearly resembling D. splach- 
noides of Europe, I have been unable to satisfactorily separate it from 
D. gracilis. This species has a broad distribution, and no doubt includes 
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D. Hampeana and D. curvicuspes of Brazil, in which the upper leaf cells 
are more elongated and the seta not quite so rough, but not uniformly 
enough to establish any satisfactory separation. 


18. Dattonta OvALIs Tayl. Lond. Jour. Bot. 5: 66. 1846. 


Autoicous. Plants up to 12 mm. high, about 1.5 mm. wide with leaves, 
radiculose below. Leaves crowded, erect-flexuose and slightly twisted when 
dry, flexuose when moist, carinate with a median fold, lanceolate, up to 1.75 
mm. long by 0.27 mm. wide at base; margin narrowly revolute on one or both 
sides, sometimes flat toward base, entire; border pellucid, rather narrow, 4-5 
rows wide at base, 3-4 rows wide at mid-leaf and 2 rows wide above; costa 
30u wide at base, ending about 3/4 up; cells of apical blade oval and oval- 
rhomboidal, 74 wide by about 20y long, slightly incrassate, pellucid, median 
cells similar, basal cells oblong and rhomboidal, about 1: 3. Seta slender, up to 
14 mm. long, reddish, roughened above; capsule inclined, oval, dark brown, 
1.1 mm. high by 0.5 mm. wide, exothecal cells collenchymatous near the rim 
and uniformly thickened below; peristome yellowish, densely papillose; lid 
rostrate, erect, 0.8 mm. long, yellowish; calyptra slightly rough above; spores 
roughened, 17—20y in diameter. 

Type Locality: Cayembe, Andes Quitenses, Ecuador. 

Distribution: Endemic. 


Material seen: Ecuador: Cayembe, Andes Quitenses, on shrubs, 1400 meters, 
Jameson (type). 


Remarks: This species is known only from the type collection and may 
be distinguished from D. gracilis, which it approaches very closely, by the 
broader leaves, shorter basal cells and longer seta. 


DOUBTFUL AND EXCLUDED SPECIES 


DALTONIA CUCULLATA Hampe Linnaea 32: 151. 1863. It is impossible 
to locate this species definitely from the description and no specimens have 
been available for comparison. 

DALTONIA SERICEA Schimper, Ms. The specimen under this name in 
the herbarium of the New York Botanical Garden is mostly Leucomnium 
atienuatum Mitt., with some strands of Taxithelium planum. No Daltonia 
plants were found. 

DALTONIA LONGICUSPIDATA C. Miill. Bull. Herb. Boiss. 5: 201. 1897. 
What is supposed to be a part of the type collection, ex Hb. Brotherus, 
in the herbarium of the New York Botanical Garden does not agree with 
the description or the type locality cited by Miiller. As no further material 
is available for comparison it seems best to exclude this species until its 
status can be definitely determined. 


i 
| 
| 
| 
| 


1931] BARTRAM: DALTONIA 47 


ALPHABETICAL LIST OF SPECIES 


Daltonia androgyna Geh. & Hampe 

Daltonia ariquensis Schimper =D. gracilis Mitt. 
Daltonia aristata Geh. & Hampe 

Daltonia aristifolia Bartr. =D. stenophylla Mitt. 
Daltonia bilimbata Hampe 

Daltonia binervis Hampe = Lepidopilum daltoniacum Ann. Sci. Nat. Bot. V.4: 364. 1866. 
Daltonia braziliensis Mitt. 

Daltonia brevinervis Bartr. 

Daltonia brevicuspidata Broth. = D. longifolia Tayl. 
Daltonia compressa Mitt. =D. bilimbata Hampe 
Daltonia crispata Schimper = D. longifolia Tayl. 
Daltonia cucullata Hampe, excluded 

Daltonia curvicuspes C. Mill. = D. gracilis Mitt. 
Daltonia Dussii Broth. =D. longifolia Tayl. 
Daltonia Fendleri C. Miill. = D, stenophylla Mitt. 
Daltonia gracilis Mitt. 

Daltonia Hampeana Geh. =D. gracilis Mitt. 
Daltonia irrorata Mitt. =D. Lindigiana Hampe 
Daltonia Jamesoni Tayl. 

Daltonia Krauseana C. Miill. =D. gracilis Mitt. 
Daltonia latolimbata Broth. 

Daltonia leucoloma Hampe = D, braziliensis Mitt. 
Daltinia Lindigiana Hampe 

Daltonia longifolia Tayl. 

Daltonia longicuspidata C. Miill. excluded 
Daltonia lorifolia C. Mill. = D. gracilis Mitt. 
Daltonia macrotheca Mitt. 

Daltonia minutifolia C. Miill. =D. gracilis Mitt. 
Daltonia ocanniana C. Mill. =D. gracilis Mitt. 
Daltonia ovalis Tayl. 

Daltonia pellucida Herz. 

Daltonia peruviana Mitt. 

Daltonia pulvinata Mitt. 

Daltonia robusta Angstr. =D. longifolia Tayl. 
Daltonia sericea Schimper, excluded. 

Daltonia stenophylla Mitt. 

Daltonia Stewartii R. S. Williams = D. Lindigiana Hampe 
Daltonia subirrorata Broth. = D. trachydontia Mitt. 
Daltonia tenella Broth. = D. stenophylla Mitt. 
Daltonia tenuifolia Mitt. 

Daltonia trachydontia Mitt. 

Daltonia Uleana C. Miill. = D. aristata Geh. & Hampe 
Daltonia Valdiviae Herz. = D. trachydontia Mitt. 
Daltonia Wallisii C. Mill. =D. gracilis Mitt. 


BusHKILL, Pike County 
PENNSYLVANIA 
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Explanation of plates 3, 4 


The figures in the following plates are all drawn from plants representing the type 
collections. The following symbols are used uniformly throughout the plates: 


A—Plant x2. E—One side of leaf base 160. 
B—Leaf x18. F—Capsule X12. 
C—Upper leaf cells x 400. G—Propagula 


D—Basal leaf cells «400. 


PLATE 3 
Fig. 1. Daltonia pulvinata Mitt. 
Fig. 2. Daltonia longifolia Tayl. 
Fig. 3. Daltonia braziliensis Mitt. 
Fig. 4. Daltonia aristata Geheeb & Hampe 
Fig. 5. Daltonia androgyna Geheeb & Hampe 
Fig. 6. Daltonia macrotheca Mitt. 
Fig. 7. Daltonia brevinervis Bartram 
Fig. 8. Daltonia Jamesoni Tay]. 
Fig. 9. Daltonia Lindigiana Hampe 
} 
PLaTE 4 


| Fig. 10. Daltonia stenophylla Mitt. 
Fig. 11. Daltonia bilimbata Hampe 
. Fig. 12. Daltonia pellucida Herz. 

} Fig. 13. Daltonia peruviana Mitt. 
Fig. 14. Daltonia latolimbata Broth. 
Fig. 15. Daltonia trachydontia Mitt. 
Fig. 16. Daltonia tenuifolia Mitt. 
Fig. 17. Daltonia gracilis Mitt. 

Fig. 18. Daltonia ovalis Tay]. 


iN 


| 
| 
| 


BULLETIN OF THE TORREY CLUB 


{ AA 


‘AN 
| 
N 


VOLUME 58, 


PLATE 4 


EARTRAM: DALTONIA 


A ' 
Wy | 
/ 
| | 
r/l\ | 
11 E P| LY 
» We 
~/| 
| y a | } (x 
> | | IN» 
18 


| 
| 
| 
| 


Nomenclatural notes! 
H. GC. SKEELS 


In a recent issue of Gentes Herbarum (vol. 2, fasc. 4, p. 170, 1930) Dr. 
L. H. Bailey lists the binomial Eugenia paniculata Banks as published by 
Gaertner, ‘Fruct. et Sem. Plant. i, 167 t. xxxm, no.1 (1788),’ and cites as 
a synonym Syzygium paniculatum Gaertn. 1. c. This is an exact reversal 
of the facts. Gaertner published the binomial Syzygium paniculatum and 
cited as a synonym ‘ Eugenia paniculata Hort. Sicc. Banks.’ This is only a 
name on an herbarium sheet and has no more standing in botanical nomen- 
clature than the two names Eugenia Hookeri and E. Hookeriana listed by 
Dr. Bailey as‘ Hort.’ Eugenia paniculata Lam., published in 1789 for a dif- 
ferent species, as correctly reported by Dr. Bailey, is a tenable name for 
the species Lamarck described and precludes the use of that binomial for 
any other species in Eugenia. Similarly, Eugenia myrtifolia Salisb., 1796, 
precludes the use of E. myrtifolia Sims, 1821, for the species under discus- 
sion. The first tenable name so far known for this species is Eugenia austra- 
lis Wendl., and this is the name at present used by the Department of 
Agriculture. If Dr. Bailey considers the form horticulturally known as 
Eugenia Hookeri distinct enough to deserve a subspecific name, it will be 
necessary to publish one, as this form is apparently without a name at the 
present time. 

In the same publication, on page 192, Dr. Bailey has taken up the 
generic name Stevensonia Duncan, giving as the place of publication ‘Van 
Houtte in Fl. des Serr. xv, 177, t. 1595-6 (1865).’ I cannot agree with Dr. 
Bailey that this is publication for the generic name Stevensonia. While 
Stevensonia Sechellarum appears in boldface capitals under the figure on 
the plate, it is followed by ‘Hort’ in brackets, and Phoenicophorium Sechel- 
larum appears at the side in larger type, although italic. In the text, which 
is the place that really constitutes publication, Stevensonia grandifolia 
Dunc. appears at the top of the page in parentheses, and the real heading, 
Phoenicophorium Sechellarum Herm. Wendl., appears just below it in bold- 
face type twice the size of the type used for Stevensonia. And the generic 
and specific characterizations in Latin are both quoted from H. Wendland 
(Illust. Hort. 12: Misc. 5). 

On page 194, Dr. Bailey, mentioning the plate 433 appearing in Ill. 
Hort. in April, 1865, under the name Phoenicophorium Sechellarum, and 
the other plate of the same palm appearing in Flore des Serres in the same 
month, considers that the former probably antedates the latter since it is 


1 Published by permission of the Secretary of Agriculture. 
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quoted there, but states that ‘it is unsafe to make such a decision, for 
Van Houtte may have seen an advance proof.’ He apparently overlooked 
the fact that page 5 of the miscellany where the Latin characterization of 
the genus Phoenicophorium and the publication and Latin description of 
P.. Sechellarum first appear, is dated février 1865, thus disposing of any 
doubt as to the date of the first properly published name for this species. 
If these characterizations written by Hermann Wendland and published 
in Ill. Hort. in February, 1865, and republished in Flore des Serres in 
April, 1865, for the generic name Phoenicophorium, are to be used in 1930 
to validate the horticultural name Stevensonia, it will be the second steal 
in which this poor palm has innocently figured. I am especially interested 
in the correct name for this palm, as the last citation given by Dr. Bailey, 
Phoenicophorium borsigianum Stuntz, was based on work done by Mr. 
Stuntz and myself in 1914 on this species, and the name then adopted is 
now being used by the Department of Agriculture. 

Unless Dr. Bailey has reasons more adequate than are evident from 
examining documents now available to the writer, it would appear that in 
spite of his great prestige, the recognition which he has given to these names 
listed in synonymy, Eugenia paniculata Banks and Stevensonia Duac., 
should not be accepted by botanists generally. 


STATES DEPARTMENT OF AGRICULTURE 
WasuincTon, D. C. 
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INDEX TO AMERICAN BOTANICAL LITERATURE 
1927-1931 


The aim of this Index is to include all current botanical literature written 
by Americans, published in America, or based upon American material; the 
word America being used in the broadest sense. 

This index is reprinted monthly on cards, and furnished in this form to 
subscribers at the rate of three cents for each card. Selections of cards are 
not permitted; each subscriber must take all cards published during the term 
of his subscription. Correspondence relating to the Index may be addressed 
to the Treasurer of the Torrey Club. 


Aitken, J. B. The Wallabos of British Guiana. Trop. Woods 23: 
1-5. 15 1930. 

Aldous, A. E. Effect of different clipping treatments on the 
yield and vigor of prairie grass vegetation. Ecology 11: 
752-759. O 1930. 

Allen, R. F. Heterothallism in Puccinia coronata. Science II. 
72: 536. 21 N 1930. 

Almon, L. Preliminary reports on the flora of Wisconsin. XI. 
Ranunculaceae—buttercup family. Trans. Wisconsin Acad. 
Sci. 25: 205-214. illust. 1930. 

Ames, L. M. A study of some homothallic and heterothallic 
Ascomycetes. Mycologia 22: 318-322. 1 N 1930. 

Andrews, A. L. More light upon Holzinger’s No. 663. Bryologist 
33: 24-25. ‘“Mr’’ 21 0 1930. 

Andrews, F. M. Algae of Monroe County, Indiana, III. Proc. 
Indiana Acad Sci. 39: 57-58. 1930. 


| Andrews, F. M. A pressure cell. Proc. Indiana Acad. Sci. 39: 


59-61. f. 1. 1930. 

Andrews, F. M. Studies in pollen. V. Proc. Indiana Acad Sci. 
39: 58-59. 1930. 

Arthur, J. M. Light and the green plant. Sci. Monthly 31: 343— 
346. O 1980. 

Ball, O. M. A partial revision of fossil forms of Artocarpus. Bot. 
Gaz. 90: 312-325. f. 1-17.17 N 1930. 
Barss, A. F. Effect of moisture supply on development of Pyrus 
communis. Bot. Gaz. 90: 151-176. f. 1-11. 23 0 1930. 
Barss, H. P. Eastern filbert blight. Cryptosporella anomala. 
(Pk.) Sacc. Month. Bull. Dep. Agr. California 19: 489-490. 
f. 109. J1 1930. 

Bartram, E. B. Pottia Fosbergii, sp. nov. Bryologist 33: 18-19. 
pl. 2. “Mr” 21 O 1930. 

Baxter, E. A trip to Magdalena Bay. Jour. Cactus & Succ. Soc. 
Am. 2: 323-327. illust. O 1930. 
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Bennett, C. W. Diseases of raspberries and blackberries. Ohio 
Agr. Exp. Sta. Bull. 454: 43-66. f. 15-31. Je 1930. 

Bennett, C. W. Further observations and experiments on the 
curl disease of raspberries. Phytopathology 20: 787-802. 
f. 1, 2.0 1930. 

Berger, F. Echinomastus intertextus. Desert 2: 86. illust.O 1930. 

Berry, E. W. The ancestry of our trees. Sci. Monthly 31: 260- 
263. S 1930. 

Berry, E. W. A new Pterophyllum from the Shinarump con- 
glomerate in Utah. Jour. Washington Acad. Sci. 20: 458- 
463. f. 1-3.4 N 1930. 

Binkley, A. M. Transmission studies with the new psyllid-yel- 
lows disease of solanaceous plants. Proc. Am. Soc. Hort. 
Sci. 1929: 248-254. F 1930. 

Blake, S. F. The typification of Scripus capitatus L. Rhodora 
32: 182-185. 4S 1930. 

Boot, G. A. The status of white pine blister rust in the west. 
Month. Bull. Dep. Agr. California 19: 510-512. f. 121- 
122. Jl 1930. 

Breeze, F. J. A wild flower sanctuary on the Tippecanoe. Proc. 
Indiana Acad. Sci. 39: 73. 1930. 

Brierley, W. G. Cambial activity in the red raspberry cane in 
the second season. Proc. Am. Soc. Hort. Sci. 1929: 278- 
280. F 1930. 

Britton, N. L. Acnistus arborescens. Addisonia 15: 43. pl. 502. 
“S” 25 O 1930. 

Britton, N. L. Anoda acerifolia. Addisonia 15: 45. pl. 503. ‘‘S”’ 
25 O 1930. 

Britton, N. L. Cestrum laurifolium. Addisonia 15: 41. pl. 501. 
“S” 25 O 1930. 

Britton, N. L. Corynella paucifolia. Addisonia 15: 35-36. pl. 498. 
“S” 25 O 1930. 

Britton, N. L. Jacquemontia subsalina. Addisonia 15: 37. pl. 
499. “S” 25 O 1930. 

Britton, N. L. Mentzelia aspera. Addisonia 15: 47. pl. 504. “S” 
25 O 1930. 

Britton, N. L. Proustia Krugiana. Addisonia 15: 39. pl. 500. 
“S” 25 O 1930. 

Britton, N. L. Sabinea florida. Addisonia 15: 33-34. pl. 497. ‘‘S” 
25 O 1930. 

Britton, N. L. Note on Consolea corallicola, Small. Jour. Cactus 
& Succ. Soc. Am. 2: 347-348. illust. N 1930. 

Broadway, W. E. Two West Indian turk’s cap cacti. Gard. 
Chron. 88: 296. f. 113. 11 O 1930. 
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Brown, B. A. The causes of degeneration of Irish potatoes in 
Connecticut. Storrs Agr. Exp. Sta. Bull. 160: 327-380. f. 
1-8. O 1929. 

Buchholz, J. T. The Ozark white cedar. Bot. Gaz. 90: 326- 
332. f. 1, 2.17 N 1930. 

Buller, A. H. R. The biological significance of conjugate nuclei 
in Coprinus lagopus and other Hymenomycetes. Nature 
126: 686-689. f. 1-7. 1 N 1930. 

Burke, V., & Hohl, N. J. Cross inoculation with Rhizobium radi- 
cicolum. Soil Sci. 30: 407-411. N 1930. 

Burret, M. Palmae novae Luetzelburgianae. Notizbl. Bot. Gart. 
Berlin 10: 1013-1026. 1 Au 1930. 

Burret, M. Uber Leopoldinia piassaba Wallace die Stamm- 
pflanze der Paré-Piassave. Notizbl. Bot. Gart. Berlin 10: 
1027-1028. 1 Au 1930. 

Campbell, D. H. Some reminiscences of fern collecting. Am. 
Fern Jour. 20: 60-77. pl. 3,4. 7 Au 1930. 

Capalungan, A. V., & Murphy, H. F. Wilting coefficient studies. 
Jour. Am. Soc. Agron. 22: 842—847. O 1930. 

Chaney, R. W., & Mason, H. L. A Pleistocene flora from Santa 
Cruz Island, California. Carnegie Inst. Washington Publ. 
415: 1-24. pl. 1-7. S 1930. 

Christensen, C. The genus Cyrtomium. Am. Fern. Jour. 20: 41- 
52. 7 Au 1930. 

Chrysler, M. A. The origin and development of the vegetation 
of Sandy Hook. Bull. Torrey Club 57: 163-176. pl. 6, 7+-f. 
1. 19 D 1930. 

Chute, H. M. The morphology and anatomy of the achene. Am. 
Jour. Bot. 17: 703-723. pl. 42-44. “O” 10 N 1930. 

Clausen, R. E. Inheritance in Nicotiana Tabacum X. Carmine- 
coral variegation. Cytologia 1: 358-368. f. 1-9. O 1930. 

Cleland, R. E., & Oelkers, F. Erblichkeit und Zytologie ver- 
schiedener Oenotheren und ihrer Kreuzungen. Jahrb. Wiss. 
Bot. 73: 1-124. f. 1-12. 1930. 

[Clute W. N.] How often does a branch bear leaves? Am. Bot. 
36: 199-202. O 1930. 

[Clute W. N.] The rest period of plants. Am. Bot. 36: 192-197. 
O 1930. 

Clute, W. N. The smoke tree. Am. Bot. 36: 183-184. illust. O 
1930. 

[Clute, W. N.] The structure of plants. Am. Bot. 36: 202-211. 
O 1930. 

[Clute, W. N.] Water in the plant. Am. Bot. 36: 211-215. O 
1930. 
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Coffman, F. A., & Wiebe, G. A. Hybrid vigor in oats. Jour. 
Am. Soc. Agron. 22: 848-860. O 1930. 

Collins, J. L., Hollingshead, L., & Avery, P. Autosyndesis 
among Crepis setosa chromosomes. Nature 126: 759-760. 
15 N 1930. 

Craw, J. R. Hydrogen-ion reactions of native Indiana fern soils. 
Proc. Indiana Acad. Sci. 39: 111-113. 1930. 

Crouch, R. B. Septation of the ascus in Dothidina. Mycologia 
22: 316-317. 1 N 1930. 

Cupp, E. E. Quantitative studies of miscellaneous series of sur- 
face catches of marine diatoms and dinoflagellates taken 
between Seattle and the Canal Zone from 1924 to 1928. 
Trans. Am. Micros. Soc. 49: 238-245. Jl 1930. 


Darrow, G. M. Effect of light, temperature, and transpiration 
on elongation of canes of raspberry and other brambles. 
Proc. Am. Soc. Hort. Sci. 1929: 308-311. F 1930. 

Darrow, G. M., & Waldo, G. F. Cleaning up strawberry stock 
infected with rootgall nemas. Phytopathology 20: 919-920. 
N 1930. 

Darrow, G. M., & Waldo, G. F. Fruit-bud formation in the 
strawberry in spring in southeastern states. Science II. 72: 
349-350. f. 1.3 O 1930. 

Daubenmire, R. F. Some flowering plants collected in Parke 
County, Indiana. Proc. Indiana Acad. Sci. 39: 133-134. 
1930. 

Deam, C. C. Plants new or rare in Indiana. XV. Proc. Indiana 
Acad. Sci. 39: 123-125. 1930. 

Denny, F. E. Sucrose and starch changes in potatoes treated 
with chemicals that break the rest period. Am. Jour. Bot. 
17: 806-817. ““O”’ 10 N 1930. 

Denny, F. E. The twin-leaf method of studying changes in 
leaves. Am. Jour. Bot. 17: 818-841. f. 1-3. ‘O”’ 10 N 1930. 

Dodge, B. O. Inheritance of the albinistic non-conidial charac- 
ters in interspecific hybrids in Neurospora. Mycologia 23: 
1-50. pl. 1-7. 2 Ja 1931. 

Doolas, G. Z. Local variation of soil acidity in relation to soy- 
bean inoculation. Soil Sci. 30: 273-284. pl. 1, 2. O 1930. 

Dorsey, M. J. The relation between embryo-sac development 
and the set of fruit in the apple. Proc. Am. Soc. Hort. Sci. 
1929: 56-61. F 1930. 

Drechsler, C. Some new species of Pythium. Jour. Washington 
Acad. Sci. 20: 398-418. 4 O 1930. 

Fifteen new species are described. 


1931] INDEX TO AMERICAN BOTANICAL LITERATURE 55 


Eaton, R. J. Tripsacum dactyloides in Massachusetts. Rhodora 
32: 185.4S 1930. 

Eddy, S. The plankton of Reelfoot Lake, Tennessee. Trans. Am. 
Micros. Soc. 49: 246-251. Jl 1930. 

Elliott, C. Manual of bacterial pathogens. i-ix. 1-349. Balti- 
more, Williams & Wilkins Co., 1930. 


Erwin, A. T. A systematic study of the peppers (Capsicum frute- 
scens, L.) Proc. Am. Soc. Hort. Sci. 1929: 128-131. F 1930. 

Evans, A. W. The Cladoniae of Connecticut. Trans. Connecti- 
cut Acad. Sci. 30: 363-510. Je 1930. 


Ezekiel, W. N., & Neal, D. C. Report of the cotton-root-rot 
conference at Temple, Texas. Phytopathology 20: 889- 
894. N 1930. 

Ezekiel, W. N., Taubenhaus, J. J., & Carlyle, E. C. Soil-reaction 
effects on Phymatotrichum root rot. Phytopathology 20: 
803-815. f. 1. O 1930. 

Faegri, K. Om de i Norden iakttatte A msinckia-arter en syste- 
matisk orientering. Bergen Mus. Arbok 1929: 3-35. f. 1-5. 
1929. 

Fajardo, T. G. Studies on the properties of the bean-mosaic 
virus. Phytopathology 20: 883-888. N 1930 

» Farwell, O. A. What is Scirpus capitatus Linn.? Rhodora 32: 
180-181 4S 1930. 

Fassett, N. C. The plants of some northeastern Wisconsin lakes. 

Trans. Wisconsin Acad. Sci. 25: 157-168. f. 1-6. 1930. 


Fassett, N. C. Preliminary reports on the flora of Wisconsin. V. 
Coniferales. Trans. Wisconsin Acad. Sci. 25: 177-182; VI. 
Pandanales. 183-187; VII. Betulaceae. 190-194; VIII. 
Aceraceae. 195-197; IX. Elatinaceae. 199-200; X. Halora- 
gidaceae. 201-203. illust. 1930. 

Faull, A. F. On the resistance of Neurospora crassa. Mycologia 
22: 288-303. f. 1.1 N 1930. 

Fellows, H. Wheat take-all symptoms compared with injuries 
caused by cinch bugs. Phytopathology 20: 907-909. f. 1, 2. 
N 1930. 

Fernald, M. L. Gentiana procera Holm, forma laevicalyx, n.f. 
Rhodora 32: 221. 14 O 1930. 

Fernald, M. L. The identity of Alopecurus aequalis. Rhodora 32: 
221-222. 14 O 1930. 

Fitzpatrick, H. M. The lower fungi. Phycomycetes. i-xi, 1-331. 
f. 1-112. New York, Mc Graw-Hill Book Co., 1930. 

Frick, G. A. Euphorbia heptagona. Jour. Cactus & Succ. Soc. 
Am. 2: 335-336. illust. O 1930. 
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Frost, F. H. Specialization in secondary xylem of Dicotyledons. 
II. Evolution of end wall of vessel segment. Bot. Gaz. 90: 
198-212. f. 1-16. 23 O 1930. 

Fuller, H. J. Stimulatory effects of ultra-violet radiation upon 
higher plants. Science II. 72: 535-536. 21 N 1930. 

Fulton, H. R. Citrus melanose. Month. Bull. Dep. Agr. Cali- 
fornia 19: 494-495. f. 117. J1 1930. 

Gardner, M. W., & Mains, E. B. Indiana plant diseases, 1929. 
Proc. Indiana Acad. Sci. 39: 85-99. f. 1-7. 1930. 

Gates, F. C. Aspen association in northern lower Michigan. Bot. 
Gaz. 90: 233-259. f. 1-14.17 N 1930. 

Gates. F. C. Principal poisonous plants in Kansas. Kansas Agr. 
Exp. Sta. Tech. Bull. 25: 1-67. f. 1-64. J1 1930. 

Gates, H. E. Machaerocereus gummosus, Machaerocereus eruca. 
Desert 2: 83. illust.O 1930. 

Gates, H. E. Milky Mammnillarias of lower California. Desert 2: 
94-95. illust. N 1930. 

Gillett, C. A. An identification key for trees and shrubs in North 
Dakota. N. Dakota Agr. Exp. Sta. Ext. Cire. 4: 1-21. 
illust. Mr 1928. 

Mimeograph copy. 


Gleason, A. H. Report on botanical study in Europe, 1930. Jour. 
N. Y. Bot. Gard. 31: 264-266. N 1930. 

Goss, R. W. The symptoms of spindle tuber and unmottled 
curly dwarf of the potato. Nebraska Agr. Exp. Sta. Res. 
Bull. 47: 1-39. pl. 1-7. My 1930. 

Graustein, J. E. Evidences of hybridism in Selaginella. Bot. 
Gaz. 90: 46-74. f. 1-53. 23 S 1930. 

Graves, A. H. Inwood Park, Manhattan. Torreya 30: 117-129. 
f. 1-3. O 1930. 

Greaves, J. D. The microflora of leached alkali soils: I. Syn- 
thetic alkali soil. Scil. Sci, 28: 341-346. N 1929; II. A 
leached sodium-chloride soi!. Soil Sci. 29: 79-83. Ja 1930. 

Greaves, J. E., & Greaves, J. D. The microflora of leached 
alkali soil. Bot. Gaz. 90: 224-230. 23 O 1930. 

Griffiths, D. Daffodils. U. S. Dep. Agr. Circ. 122: 1-73. f. 1-50. 
O 1930. 

Harding, P. L. Respiration studies of Grimes apples under vari- 
ous controlled temperatures. Proc. Am. Soc. Hort. Sci. 
1929: 319-324. f. 1. F 1930. 

Harlow, W. M. The formation of chambered pith in the twigs of 
butternut and black walnut. Jour. Forest. 28: 739-741. f. 
1-5. My 1930. 
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Harris, G. H. The influence of top on root as determined by root 
respirations of young fruit trees. Proc. Am. Soc. Hort. Sci. 
1929: 329-334. f. 1, 2. F 1930. 

Harris, J. A., Harrison, G. J., & Pascoe, T. A. Osmotic concen- 
tration and water relations in the mistletoes, with special 
reference to the occurrence of Phoradendron californicum 
on Covillea trideniata. Ecology 11: 687-702. f. 1, 2.O 1930. 

Heald, F. D. Symptoms and effects of the chestnut tree blight 
caused by Endothia parasitica (Murr.) And. Month. Bull. 
Dep. Agr. California 19: 491-493. f. 110. J1 1930. 

Heath, H. C. Potash shale as a source of potassium for growing 
plants. Bot. Gaz. 90: 121-150. f. 1-9. 23 O 1930. 

Hein, I. Studies on morphogenesis in Agaricus (Psalliota) cam- 
pestris. Am. Jour. Bot. 17: 882-915. pl. 52-55. 25 N 1930. 

Herrera, A. L. Sur l’imitation des chromosomes avec le silicate 
de sodium e I’alcool. Protoplasma 11: 168-174. f. 1, 2.S 
1930. 

Hirt, R. R. Fomes Everhartii associated with the production of 
sterile rimose bodies on Fagus grandifolia. Mycologia 22: 
310-311. pl. 25.1 N 1930. 

Holmes, F. O. Local and systemic increase of tobacco virus. Am. 
Jour. Bot. 17: 789-805. f. 1, 2.‘O’ 10 N 1930. 

Houghton, A. D. The Cactus book. i-xii, 1-147. illust. New 
York, Macmillan Co. 1930. 

Howlett, F. S. Further evidence on the relative self-fruitfulness 
of apple varieties. Proc. Am. Hort. Sci. 1929: 49-55. F 
1930. 

Hubert, E. E. Forest pathology. Science II. 72: 351-356. 10 O 
1930. 

Huskins, C. L., & LaCour, L. Chromosome number in Capsicum. 
Am. Nat. 64: 382-384. Jl-Au 1930. 

Ivanoff, S. S., & Riker, A. J. Studies on the movement of the 
crown-gall organism within the stems of tomato plants. 
Phytopathology 20: 817-829. f. 1, 2. O 1930. 

Imai, Y. Is fasciated a frequently mutating character? Bot. Gaz. 
90: 116-118. 23 S 1930. 

Jackson, R. T. An exceptionally large Onoclea sensibilis. Rho- 
dora 32: 225-226. 3 N 1930. 

Jayne, A. Camptosorus as a wall fern. Am. Fern. Jour. 20: 83. 
7 Au 1930. 

Johansen, D. A. Fertilization in the Cactaceae. Jour. Cactus & 
Succ. Soc. Am. 2: 332. O 1930. 

Johansen, D. A. Studies on the morphology of the Onagraceae. 
I. The megagametophyte of Hartmannia tetraptera. Bull. 
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Torrey Club 56: 285-298. pl. 11. “Je’’ 2 Au 1929; II. 
Embryonal manifestations of fasciation in Clarkia elegans. 
Bot. Gaz. 90: 75-91. f. 1-52. 23 S 1930; III. Taraxia 
ovata (Nutt.), Small. Ann. Bot. 45: 111-124. pl. 6+f. 1-4. 
“Ja’’ 1931; IV. Stenosiphon linifolium. Bull. Torrey Club 
57: 315-326. pl. 16+f. 1-25. 20 My 1931. 

Johnson, D. E. The relation of the cabbage maggot and other 
insects to the spread and development of soft rot of Cruci- 
ferae. Phytopathology 20: 857-872. f. 1. N 1930. 

Johnston, I. M. Studies in the Boraginaceae VIII. I. Observations 
on the species of Cordia and Tournefortia known from 
Brazil, Paraguay, Uruguay and Argentina. Contr. Gray 
Herb. Harvard Univ. 92: 1-89; II. Taxonomic notes con- 
cerning various Borages. 89-95. 20 O 1930. 

Jones, B. Pinus Thunbergii on Nantucket. Nat. Hort. Mag. 9: 
181-190. illust. O 1930. 

Jones, J. E. Some familiar wild flowers. f. 1-272. New York, 
Macmillan Co., 1930. 

Jones, J. W. Sterility in rice hybrids. Jour. Am. Soc. Agron. 22: 
861-867. O 1930. 

Kanehira, R. True ‘‘pau hoi” tree of China a new species. Trop. 
Woods 23: 8. 1S 1930. 

Karling, J. S. A preliminary descriptive study of a parasitic 
monad in cells of American Characeae. Am. Jour. Bot. 17: 
928-937. pl. 56-58. 25 N 1930. 

Karling, J. S. Studies in the Chytridiales. IV. A further study of 
Diplophylctis intestina (Schenk.) Schroeter. Am. Jour. 
Bot. 17: 770-778. pl. 46-49+-f. 1, 2.“‘O"' 10 N 1930. 

Kienholz, R. The wood structure of a ‘‘pistol-butted”” mountain 
hemlock. Am. Jour. Bot. 17: 739-764. f. I-11. ‘“O” 10 N 
1930. 

King, C. J., & Loomis, H. F. Texas root-rot. Month. Bull. Dep. 
Agr. California 19: 501-505. f. 115-117. J\ 1930. 

Knowlton, C. H. Note on Aster amethystinus. Rhodora 32: 185- 
186. 4S 1930. 

Knowlton, H. E. Some recent results in sterility studies. Proc. 
Am. Soc. Hort. Sci. 1929: 62-64. F 1930. 

Kobbé, F. W. Woodwardia areolata in the vicinity of New York. 
Am. Fern Jour. 20: 80-83. 7 Au 1930. 

Koch, M. F. Studies in the anatomy and morphology of the com- 
posite flower. I. The corolla. Am. Jour. Bot. 17: 938-952. 
pl. 59,60.+-f. 1-4. 25 N 1930; II. The corollas of the Helian- 
theae and Mutisieae. 995-1010. pl. 61, 62+f. 1-5. “D 
1930” 8 Ja 1931. 
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Kribs, D. A. Comparative anatomy of the woods of Meliaceae. 
Am. Jour. Bot. 17: 724-738. ““O”’ 10 N 1930. 

Kurz, H. The relation of pH to plant distribution in nature. 
Am. Nat. 64: 314-341. Jl-Au 1930. 

Lambert, E. B. Two new diseases of cultivated mushrooms. 
Phytopathology 20: 917-919. f. 7. N 1930. 

Lantz, H. L. Pear breeding: an inheritance study of Pyrus com- 
munis X P. ussuriensis hybrid fruits. Proc. Am. Soc. Hort. 
Sci. 1929: 13-19. F 1930. 

Larsen, J. A. Forest types of the northern Rocky Mountains 
and their climatic controls. Ecology 11: 631-672. f. 1-13. 
O 1930. 

Latimer, L. P. The relation of cultural practices to a marked 
outbreak of cork in Mc Intosh apples in northern New Eng- 
land. Proc. Am. Soc. Hort. Sci. 1929: 149-150. f. 1. F 1930. 

Lee, H. J. New parasitic fungi of Montgomery County. Proc. 
Indiana Acad. Sci. 39: 135. 1930. ' 

Leonian, L. H. Attempts to induce ‘“‘mixochimaera”’ in Fusa- 
rium moniliforme. Phytopathology 20: 895-901. f. 1, 2. N 
1930. 

Linder, D. H. Notes on Tremellogaster surinamensis. Mycologia 
22: 265-270. pl. 22, 23 1 N 1930. 

Loeske, L. Note about “‘Fo epilosa "’ Bryologist 33: 22. ‘“Mr’’ 
21 O 1930. 

Lombard, L. H. The bearberry. Am. Bot. 36: 184-186. O 1930. 

Looser, G. The ferns of central Chile. Am. Fern Jour. 20: 52- 
60. allust. 7 Au 1930. 

Lounsbury, J. A. Investigations on the nature of Protoachlya 
paradoxa Coker. Trans. Wisconsin Acad. Sci. 25: 215-225. 
f. 1, 2. 1930. 

Lutz, H. J. Effect of cattle grazing on vegetation of a virgin 
forest in northwestern Pennsylvania. Jour. Agr. Res. 41: 
561-570. f. 1-3. 1 O 1930. 

Lutz, H. J. A new species of Cupressinoxylon (Goeppert) Gotham 
from the Jurassic of South Dakota. Bot. Gaz. 90: 92-107. 
f. 1-13. 23 S 1930. 

Macbride, J. F. South American Viburnums incorrectly de- 
scribed as new species of Cornus. Trop. Woods 24: 29.1 D 
1930. 

Mc Clendon, J. F. Hydrogen ion determination. Am. Nat. 64: 
289-313. f. 1-3. Jl-Au 1930. 

Mc Clintock, J. A. The longevity of Phyllosticta solitaria E. and 
E. on apple seedlings held in cold storage. Phytopathology 
20: 841-848. f. 1-3.O 1930. 
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Mac Daniels, L. D., & Burrell, A. B. Pollination studies with 
the Mc Intosh apple in the Champlain Valley fruit district. 
Proc. Am. Soc. Hort. Sci. 1929: 65-73. F 1930. 

Mac Daniels, L. H., & Heinicke, A. J. To what extent is ‘‘spray 
burn” of apple fruit caused by the freezing of the flowers. 
Phytopathology 20: 903-906. f. 1, 2. N 1930. 

Mc Intosh, A. C. Additions to the flora of the Black Hills of 
South Dakota. Black Hills Engineer 16: 160-167. illust. 
Mr. 1928. 

Mc Intosh, A. E. S. Pollen shedding in cane. Jour. Imp. Coll. 
Trop. Agr. 7: 296-299. N 1930. 

Mains, E. B. Host specialization of barley leaf rust, Puccinia 
anomala. Phytopathology 20: 873-882. f. 1-3. N 1930. 
Mains, E. B., Vestal, C. M., & Curtis, P. B. Scab of small grains 
and feeding trouble in Indiana in 1928. Proc. Indiana Acad. 

Sci. 39: 101-110. f+ 1-4. 1930. 

Malhotra, R. C. Can sex ratio be altered in dioecious plants? 
Am. Nat. 64: 470-472. S-O 1930. 

Malme, G. O. A. N. Einige wihrend der zweiten Regnellschen 
Reise gesammelte Phanerogamen.Ark. Bot.23*A : 1-24.1930. 

Malme, G. O. A. N. Porinae et Phylloporinae in Itinere Regnel- 
liqno primo collectae. Ark. Bot. 23'A: 1-37. 1930. 

Manning, J. The Cactacean’s primer. Jour. Cactus & Succ. Soc. 
Am. 2: 349-352. illust. N 1930. 

Markgraf, F. Neue Apocynaceen aus Siidamerika III. Notizbl. 
Bot. Gart. Berlin 10: 1033-1039. f. 18. 1 Au 1930. 

Martelli, U. Fiji Pandanaceae. Univ. California Publ. Bot. 12: 
325-350. pl. 37-44. 23 O 1930. 

Martelli, U. A new Pandanus from British Borneo. Univ. Cali- 
fornia Publ. Bot. 12: 369-372. pl.48. 23 O 1930. 

Martelli, U. Pandanaceae of Tonga. Univ. California Publ. Bot. 
12: 351-362. pl. 45, 46. 23 O 1930. 

Martelli, U Pandanus odoratissimus var. Loureirii Gaud. Univ. 
California Publ. Bot. 12: 373-374. 23 O 1930. 

Martelli, U. Two new varieties of Pandanus odoratissimus Linn. 
in the Hawaiian group. Univ. California Publ. Bot. 12: 
363-368. pl. 47. 23 O 1930. 

Merrill, E. D. Le genre Talbonia O. Kuntze synonyme de Calotis. 
Bull. Soc. Bot. France 77: 340-341. 1930. 

Metcalf, H. The Woodgate rust. Month. Bull. Dept. Agr. Cali- 
fornia 19: 496-497. Jl 1930. 

Milbrath, D. G. A discussion of the reported infections chlorosis 
of the rose. Month. Bull. Dep. Agr. California 19: 535-544. 

f. 123-127. Au 1930. 
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Morgan, W. P. A note on the hydridizing of Freesias. Proc. In- 
diana Acad. Sci. 39: 53-55. 1930. 

Morton, C. V. A new canon-ball tree from Panama. Jour. Wash- 
ington Acad. Sci. 20: 396-398. f. 1.40 1930. 

Couroupita Cutteri, sp. nov. 

Morton, C. V. Two new species of Meibomia from Mexico. Bull. 
Torrey Club 57: 181-182. ““Mr’’ 19 D 1930. 

Moxley,E.A.The hallcarpet. Bryologist 33 : 22-24. “Mr’’2101930. 

Muenscher, W. C. Some changes in the weed flora of Whatcom 
County, Washington. Torreya 30: 130-134. O 1930. 

Munger, T. T. Ecological aspects of the transition from old for- 
ests to new. Science II. 72: 327-332. 3 O 1930. 

Murneek, A. E. The use of bees in the apple sterility studies. 
Proc. Am. Soc. Hort. Sci. 1929: 39-42. f. 1. F 1930. _ 
Murrill, W. A. The imperious sycamore. Sci. Am. 143: 128-129. 

illust. Au 1930. 

Nelson E. W. Methods of studying shrubby plants in relation 
to grazing. Ecology 11: 764-769. O 1930. 

Nichols, S. P. The effect of chloroform upon the rotation in the 
internodes of Nitella. Bull. Torrey Club 57: 153-162. pl. 
5+f. 9, 10. “Mr” 19 D 1930. 

O’Hanlon, M. E. (Sister). Gametophyte development in Re- 
boulia hemisphaerica. Am. Jour. Bot. 17: 765-769. pl. 45+ 
f. 1. 10 N 1930. 

Ohashi, H. Cytological study of Oedogonium. Bot. Gaz. 90: 
177-197. pl. 1-3+f. 1-21. 23 O 1930. 

Passmore, S. F. Microsporogenesis in the Cucurbitaceae. Bot. 
Gaz. 90: 213-223. f. 1-40. 23 O 1930. 

Pearson, H. M. The thrips factor in onion sterility. Jour. Econ. 
Entom. 23: 829-831. O 1930. 

Pearson, O. H. Observations on the type of sterility in Brassica 
oleracea var. capitata. Proc. Am. Soc. Hort. Sci. 1929: 34— 
38. F 1930. 

Pease, A. S. A Carex new to New England. Rhodora 32: 258. 
3 N 1930. 

Peckham, E. A. S. Beardless Iris and Iris species. Jour. N. Y. 
Bot. Gard. 31: 244-252. O 1930. 

Pilger, R. Einige neue Santalaceae aus Siidamerika. Notizbl. 
Bot. Gart. Berlin 10: 1029-1032. 1 Au 1930. 

Pitman, E. M. Treasures of a South Portland (Maine) woodsy 
area. Bryologist 33: 17-18. ‘‘Mr’’ 21 0 1930. 

Plagge, H. H. A study of soggy breakdown and some related 
functional diseases of the apple. Proc. Am. Soc. Hort. Sci. 
1929: 315-318. F 1930. 
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Porter, R. H., Chen, H. K., & Yu, T. F. Smut resistance in 
millet. Phytopathology 20: 915-916. N 1930. 

Potter, T. I. Uncommon orchids of Trinidad. Orchid Rev. 38: 
309-310. O 1930. 

Price, G., & Welsh, W. H. Enumeration of the vascular flora 
of a limestone area of the Bloomington quadrangle, Monroe 
County, Indiana. Proc. Indiana Acad. Sci.39:127-131. 1930. 

Prouty, W. F. A bituminous fossil plant from the Triassic of 
North Carolina. Science II. 72: 527. 21 N 1930. 

Ragle, M. E. The structure of the perithecium in the Melio- 
lineae. Mycologia 22: 312-315. 1 N 1930. 

Ranker, E. R. The nature of smut resistance in certain selfed 
lines of corn as indicated by filtration studies. Jour. Agr. 
Res. 41: 613-619. f. 1-3. 15 O 1930. 

Rasmussen, E. J. The period of blossom bud differentiation in 
the Baldwin and McIntosh apples. Proc. Am. Soc. Hort. 
Sci. 1929: 255-260. pl. 1, 2+f. 1-6. F 1930. 

Raup, H. M. The distribution and affinities of the vegetation 
of the Athabasca—Great Slave Lake region. Rhodora 32: 
187-208. f. 1-8. 14 O 1930. 

Record, S. J. Bibliography of the woods of the world (exclusive 
of the temperate region of North America) with emphasis 
on tropical woods. Ed. 2. 1-40. New Haven. 1923; Supple- 
ment No. I. 1-10. Ja 1925. 

Record, S. J. Check list of British Honduras trees, shrubs and 
Lianas. 1-64. New Haven, Conn., 1 N 1930. 

Record, S. J. Local names of the woody plants of British Hon- 
duras. Trop. Woods 24: 15-28. 1 D 1930. 

Record, S. J., & Kuylen, H. Santa Marta Valley, Colombia. 
Trop. Woods 23: 9-23. 1 S 1930. 

Richter, F. Uber die Verbreitungsbedingungen der Kakteen in 
Mexico. Monats. Deutsch. Kakteen-Gesell. 2: 191-199. 
illust. S 1930. 

Riker, A. J., & others. Studies on infections of hairy root of 
nursery apple trees. Jour. Agr. Res. 41: 507-540. f 1-5, 1 
O 1930. 

Roberts, J. W. Apple blotch. Month. Bull. Dept. Agr. California 
19: 498-500. f. 113-114., illust. J 1930. 

Rost, E. C. Astrophytum myriostigma or “‘bishop’s cap.”’ Desert 
2: 79-80. illust. O 1930. 

Ruehle, G. D. Stemphylium congestum and its relation to decay 
in apples. Mycologia 22: 304-309. f. 1, 2.1 N 1930. 

Sampson, H. C. The mixed mesophytic forest community of 
northeastern Ohio. Ohio Jour. Sci. 30: 358-367. S 1930. 
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Sampson, H. C. Succession in the swamp forest formation in 
northern Ohio. Ohio Jour. Sci. 30: 340-357. S 1930. 

Samuels, M. C. Echeveria agaroides. Desert 2: 98. illust. N 1930. 

Satina, S., & Blakeslee, A. F. Imperfect sexual reactions in 
homothallic and heterothallic Mucors. Bot. Gaz. 90: 299- 
311. f. 1-15.17 N 1930. 

Saunders, C. F. A neglected nut of the desert region. Desert 2: 
91. allust. N 1930. 

Sax, K. Chromosome counts in Vitis and related genera. Proc. 
Soc. Hort. Sci. 1929: 32-33. F 1930. 

Schaffner, J. H. The ecological determination of twisted hypo- 
cotyl and other peculiar expressions in hemp. Am. Nat. 64: 
367-379. Jl-Au 1930. 

Schaffner, J. H. Sex reversal and the experimental production 
of neutral tassels in Zea Mays. Bot. Gaz. 90: 279-298. f. 1- 
4.17 N 1930. 

Seaver, F. J. A rare Phalloid from the New York Botanical 
Garden. Mycologia 23: 83-84. pl. 8.2 Ja 1931. 

Severin, H. H. P. Carrot and parsley yellows transmitted by 
the six-spotted leafhopper, Cicadula sexnotata (Fall.). Phy- 
topathology 20: 920-921. f. 1. N 1930. 

Sewell, M. C., & Gainey, P. L. Interrelation of nutrients and 
soil reaction on growth and inoculation of alfalfa. Soil Sci. 
30: 297-299. pl. 1-3. O 1930. 

Small, J. K. Harvesting Jris seeds in the Gulf States. Jour. 
N. Y. Bot. Gard. 31: 272-277. f. 1. N 1930. 

Small, J. K. Jris studies in the Gulf States. Jour. N. Y. Bot. 
Gard. 31: 237-244. f. 1-4. O 1930. 

Smith, A. C. Notes on Pteridophyta from Mount Roraima. Bull. 
Torrey Club 57: 177-180. pl. 8. ‘“Mr’’ 19 D 1930. 

Syngramma brevifrons and Lycopodium Tatei are described as new species. 


Smith, C. O. Pear blight on Cotoneaster. Phytopathology 20: 
922. N 1930. 

Smith, F. H. The corm and contractile roots of Brodiaea lactea. 

te Am. Jour. Bot. 17: 916-927. f. 1-18. 25 N 1930. 

Smith, R. C., & Barker, H. D. Observations on the ‘‘yellows”’ 
disease of beans and related plants in Haiti. Jour. Econ. 
Entom. 23: 842-847. pl. 32. O 1930. 

Standley, P. C. A new Inga from British Honduras. Trop. 
Woods 23: 7. 1 S 1930. 

Stanfield, F. W. Variation in British ferns. Am. Fern Jour. 20: 
78-80. 7 Au 1930. 

Stanton, T. R., & others. Influence of hulling the caryopsis on 
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covered-smut infection and related phenomena in oats. 
Jour. Agr. Res. 41: 621-623. 15 O 1930. 


Stapf, O. Leptosaccharum filiforme, A. Camus. Hooker's Icon. 
Plant. 2: pl. 3125. Jl 1927. 
A South American plant. 


Stebbins, G. L., Jr. Thelypteris fragrans (L.) Nieuwl. var. 
Hookeriana Fernald on the Maine coast. Am. Fern Jour. 
20: 86-87. 7 Au 1930. 


Stevens, F. L. The response to ultra-violet irradiation shown by 
various races of Glomerella cingulata. Am. Jour. Bot. 17: 
870-881. f. 1-9. 25 N 1930. 


Stevenson, J. A. The downy mildew of the hop. Month. Bull. 
Dept. Agr. California 19: 513-515. Jl 1930. 

Steward, A. N. The case for Polygonum cuspidatum Sieb. & Zucc. 
Rhodora 32: 223-225. 3 N 1930. 


Stokey, A. G. Prothallia of the Cyatheaceae. Bot. Gaz. 90: 1- 
45. f. 1-186. 23 S 1930. 


Stout, A. B. Botanical observations in Europe. Jour. N. Y. Bot. 
Gard. 31: 261-264. N 1930. 


Stout, G. L. New fungi found on the Indian corn plant in IIli- 
nois. Mycologia 22: 271-287. pl. 24.1 N 1930. 
Phaeocytosporella gen. nov. and fifteen new species in various genera are de- 
scribed. 

Strattan, M. S. Two stations for Aspidium simulatum in Penn- 
sylvania. Am. Fern Jour. 20: 84. 7 Au 1930. 

Swingle, C. F. Oxyquinoline sulphate as a preservative for plant 
tissues. Bot. Gaz. 90: 333-334. 17 N 1930. 

Swingle, C. F. Some factors influencing the growth of apple seed- 
lings. Proc. Am. Soc. Hort. Sci. 1929: 74-76. F 1930. 

Taubenhaus, J. J., & Ezekiel, W. N. Studies on the overwinter- 
ing of Phymatotrichum root rot. Phytopathology 20: 761- 
785. f. 1-4. O 1930. 

Test, F. H. Pteridophytes of Turkey Run State Park. Proc. 
Indiana Acad. Sci. 39: 115-118. 1930. 

Tetrault, P. A. The decomposition of cellulose in nature. Proc. 
Indiana Acad. Sci. 39: 137-151. 1930. 

Theriot, I. Le genre Leptodontium au Chili. Rev. Chilena Hist. 
Nat. 33: 515-517. pl. 28. 1929. 

Thomas, R. C. Composition of fungus hyphae II. Sclerotinia. 
Am. Jour. Bot. 17: 779-788. ‘‘O” 10 N 1930. 

Thompson, W. P. Cause of difference in success of reciprocal 
interspecific crosses. Am. Nat. 64: 407-421. S-O 1930. 
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Thurston, H. W., & Kern, F. D. Notes on some rust collections 
from Colorado, Wyoming, and South Dakota. Mycologia 
23: 77-82. 2 Ja 1931. 

Torrey, R. H. Unusual plant occurrences around New York. 
Jour. N. Y. Bot. Gard. 31: 267-271. N 1930. 

Turrill, W. B. Beloperone flaviflora, Turrill. Hookers Icon. Plant. 
2: pl. 3114 Jl 1927. 
A West Indian plant. 


Valleau, W. D., & Johnson, E. M. Some possible causes of streak 
in tomatoes. Phytopathology 20: 831-839. O 1930. 

Van Graan, L. R. The effect of early defoliation of vegetable 
plants on subsequent growth and production. Proc. Am. 
Soc. Hort. Sci. 1929: 109-113. F 1930. 

Van Hook, J. M. Indiana Fungi XII. Proc. Indiana Acad. Sci. 
39: 75-83. 1930. 

Waite, M. B. The peach yellows group of peach diseases. Month. 
Bull. Dep. Agr. California 19: 484-488. f. 107-108. Jl. 
1930. 

Walker, L. B. Studies on Ascoidea rubescens. 1. History and de- 
velopment. Mycologia 23: 51-76. f. 1-74. 2 Ja 1931. 

Wardlaw, C. W. Panama disease research. A discussion of the 
relation of results obtained to field conditions. Jour. Imp. 
Coll. Trop. Agr. 7: 278-281. O 1930. 

Weatherby, C. A. Distinguishing Woodsia and Cystopteris. Am. 
Fern Jour. 20: 85-86. 7 Au 1930. 

Webber, J. M. Chromosome number and morphology in Nico- 
tiana. V. The character of tetraploid areas in chromosomal 
chimeras of JN. sylvestris Speg. and Comes. Univ. California 
Publ. Bot. 11: 355-366. pl. 16, 17+-f. 1-3. 29 O 1930. 

Webber, J. M. Interspecific hybridization in Nicotiana. XI. 
The cytology of a sesquidiploid hybrid between Tabacum 
and sylvestris. Univ. California Publ. Bot. 11: 319-354. pl. 
10-15+-f. 1-11. 31 O 1930. 

Welch, W. H. Forest and prairie, Benton County, Indiana. 
Proc. Indiana Acad. Sci. 39: 67-72. f. 1. 1930. 

Wentworth, S. W. Further evidence of the variability of apple 
pollen as determined by the spur-unit method. Proc. Am. 
Soc. Hort. Sci. 1929: 43-48. F 1930. 

Werdermann, E. Echinocactus Schwebsianus Werd. n.sp. Monats. 
Deutsch. Kakteen-Gesell. 2: 186-189. illust. S 1930. 

A plant from Bolivia. 


West, J. The genus Rosularia. Jour. Cactus & Succ. Soc. Am. 2: 
356-357. illust. N 1930. 
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White, P. R. A disease and evolution. Sci. Monthly 31: 306- 
318. illust. O 1930. 

Wieland, G. R. Conifer inflorescence. Science II. 72: 113-115. 
1 Au 1930. 

Williams, R. S. Mosses collected in Brazil and Argentina by J. 
N. Rose in 1915. Jour. Washington. Acad. Sci. 20: 465- 
475. f. 1-13.19 N 1930. 


Includes description of Microthamnium Russellii, sp. nov. and of two new 
combinations. 

Williams, R. S. Pseudoleskea Arizonae, sp. nov. Bryologist 33: 
20. pl. 3. ““Mr’’ O 1930. 

Wilson, L. R. Preliminary reports on the flora of Wisconsin. IV. 
Lycopodiaceae, Selaginellaceae. Trans. Wisconsin Acad. 
Sci. 25: 169-173. 1930. 

Woodworth, R. H. Cytological studies on the Betulaceae IV. 
Betula, Carpinus, Ostrya, Osiryopsis. Bot. Gaz. 90: 108- 
115. f. 1-34. 23 S 1930. 

Woodworth, R. H. Meiosis of microsporogenesis in the Jug- 
landaceae. Am. Jour. Bot. 17: 863-869. pl. 50, 51. 25 N 
1930. 

Wright, J. G. The pit-closing membrane in the wood of the lower 
Gymnosperms III. Trans. Royal Soc. Canada 22: 63-94. 
pl. 1, 2. 1928. 

Wright, W. H., Hendrickson, A. A., & Riker, A. J. Studies on 
the progeny of single-cell isolations from the hairy-root and 
crown-gall organisms. Jour. Agr. Res. 41: 541-547. f. J. 
1 O 1930. 

Wylie, R. B. Cicatrization of foliage leaves I. Wound responses 
of certain mesophytic leaves. Bot. Gaz. 90: 260-278. f. 1- 
14.17 N 1930. 

Young, E. M. Physiological studies in relation to the taxonomy 
of Monascus spp. Trans. Wisconsin Acad. Sci. 25: 227-244. 
pl. 1, 2. 1930. 

Yuncker, T. G. Observations on the dwarf mistletoe, Arceutho- 
bium pusillum. Proc. Indiana Acad. Sci. 39: 63-65. f. 1-3. 
1930. 

Zimmerman, P. W. Oxygen requirements for root growth of cut- 
tings in water. Am. Jour. Bot. 17: 842-861. f. 1-8. “O”’ 10 
N 1930. 
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